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PREFACE TO SECOND EDITION 


EVER since the first printing of this book, the authors have been 
studying ways and means of making it better, and the addition of 
one hundred and sixty pages by no means gives an adequate idea 
of the extent to which it has been revised. 

Each section has been carefully studied to make it cover the 
changed and changing conditions of shop and drawing-room work 
in the hope of making it even more valuable than before. 

Many of the changes have been due to suggestions made by users 
of the Handbook, and we shall appreciate a continuance of their 
interest and assistance in pointing out possibilities of improvement. 


Tue AUTHORS. 


PREFACE TO THE FIRST EDITION 


IVERY man engaged in mechanical work of any kind, regardless 
of his position in the shop or drawing room, frequently requires 
information that is seldom remembered and is not usually available 
when wanted. 

With this in mind it has been our endeavor to present in con- 
venient form such data as will be of value to practical men in the 
various branches of machine work. While some of the matter in- 
cluded may seem elementary, it was considered necessary in order 
to make the work complete. Much of the information has never 
before been available to the mechanic without tiresome search and 
consultation. 

We believe that the Dictionary section will be found of service 
to the younger mechanics and in helping to establish standard names 
for various parts which are now more or less confused in different 
sections of the country. 

Our indebtedness to various manufacturers and individuals is 
hereby acknowledged, and in the back of the book will be found a 
list of such authorities with page references to the information fur- 
nished by them. 

We dare not hope that no errors will be found and we shall be glad 
to have them pointed out and to receive any suggestions as to addi- 
tions or other changes which may add to the value of the book. 
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CUTTING SCREW THREADS 


NEARLY all lathes are geared so that if gears having the same num- 
ber of teeth are placed on both stud and lead screw, it will cut a thread 
the same pitch as the lead screw. This is called being geared “‘even.”” 
If the lathe will not do this, then find what thread wil! be cut with 
even gears on both stud and lead screw and consider that as the pitch 
of lead screw. In speaking of the pitch of lead screw it will mean 
the thread that will be cut with even gears. 

In cutting the same thread with even gears, both the work and the 
lead screw are turning at the same rate. To cut a faster thread, the 
lead screw must turn faster than the work, so the larger gear goes 
on the stud and the smaller on the lead screw. To cut a slower 
thread (finer-pitch or less lead), the larger gear goes on the screw 
and the smaller on the stud. 

Calling the lead screw 6 to the inch, what gears shall we use to 
cut an 8 thread ? 

Multiply both the lead screw and the thread to be cut by some 
number (the same number for both) that will give two gears you have 
in the set. If the gears vary by 4 teeth, try 4 and get 24 and 32 as 
the gears. If by 5, you get 30 and 4o as the gears. Then as 8 is 
slower than 6, the large gear goes on the lead screw and the small 
one on the stud. 

Cut an 18 thread with a 5-pitch lead screw and gears varying by 
5 teeth. 5 X 5 = 25 and 5X 18=9g0. There may not be a go 
gear, but you can use a 2 to 1 compound gear and use a 45 gear 
instead. That is, put the 25 gear on the stud, use any 2 to 1 com- 
bination between this and the 45 gear on the screw. 

The 25 gear must drive the large gear of the 2 to r combination 
and the small gear drive the 45-tooth gear, either directly or through 
an intermediate. 

In cutting fractional threads the same rule holds good. To cut 
114 threads with gears that change by 4 teeth, use 4 X 6 = 24 and 
4 X 114 = 46, with the 24 gear on the stud and the 46 on the screw. 
With gears changing by 5 this is not so easy,as 5 X 11} = 573, an 
impossible gear. Multiplying by ro would give 60 and rrs, not 
much better. Multiply by 6 and get 6 X 6 = 36 and 6 X 114 = 60, 
neither of which is in the set. It seems as though 35 and 70 would 
come pretty near it, but they will cut a 12 thread instead. 

To find what thread any two gears will cut, multiply the pitch of 
lead screw and the gear which goes on it and divide this by the gear 
on the stud. Suppose we try 40 on the stud and 75 on the lead 
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GEARS FOR SCREW-CUTTING 3 


screw. Multiply 75 by 6 = 450 and divide by 40 which gives rr} 
as the thread that will be cut. Try 45 and 80. 6X 80 = 480; 
divided by 45 = 103, showing that the 4o and 75 are nearest and 
that to cut it exactly a special gear will have to be added to the set. 
In reality the gears would not change by 5 teeth with a 6-pitch lead 
screw. 

Rules for screw cutting may be summed up as follows, always 
remembering that the lead screw is the thread that will be cut 
when gears having the same number of teeth are placed on both 
screw and stud. 


Having To Find Rule 


A = True lead of screw|C =Gear for stud /|Multiply both A and B 

and and by any one number 
B = Thread to be cut |D = Gear for screw} that will give gears 
in the set. Put gear 
A on stud and gear 
B on lead screw. 


ll 


A = True lead of screw)D = Gear for screw |Multiply B by C and 
B = Thread to be cut divide by A. 
C= 


A = True lead of screw |C = Gear for stud {Multiply A by D and 
B = Thread to be cut divide by B 
D = Gear for screw 


A = True lead of screw|B = Thread that Multiply A by D and 
C = Gear for stud will be cut divide by C 
D = Gear for screw 
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GEAR trains for screw-cutting are usually arranged similarly to 
the illustration, Fig. 1. If the gear £ on the lathe spindle has the same 
number of teeth as the gear H on the stud S, the lathe is geared 
even, 7.e., gears having the same teeth placed on both stud and lead 
screw will cut a thread like the lead screw. As shown, the gears 
are out of mesh because the tumbler gears / and G do not mesh with 
E; but moving the handle J down throws F into mesh with E so the 
drive is through Z, F, G, H, S and intermediate to L, driving it so 
as to cut a right-hand screw if it is a right-hand thread, as is usually 
the case. Raising handle J cuts out F entirely and reverses the direc- 
tion of the lead screw. 
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To follow the motion of a train of gears, take a stick (or your finger 
if they are not running) and trace the motion from the driver to 
the end as shown by the dotted lines in A, B, C and D. 

When a lathe is compound geared the stud gear drives an auxil- 
iary gear as A, which multiplies or reduces the motion as the case 
may be. It will readily be seen, if the stud drives A and B drives L, 
the motion will be reduced one-half because A has one-half the num- 
ber of teeth in B, 


A SCREW-THREAD ANGLE TABLE 


THE accompanying table gives the angle of helix of various pitches 
and diameters with respect to a line perpendicular to the axis. These 
angles were worked out with the idea of using them for grinding 
thread tools for threads of various pitches upon different diameters 
of work, This table will enable one to set the protractor at the 
proper angle of side clearance for the work in hand and grind the 
thread tool correctly without guesswork. 


Diameter x 3.1416 


THREAD ANGLE TABLE 


THREADS PER INCH = P 
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While the table is worked out for single threads, it can be used for 
double or triple threads by considering the lead equal to the ad- 


P 5 I F 3 
vance of the work in one revolution instead of =, as given in the 
table. 

It is customary in many shops to have several thread tools in stock 
to cut these various thread angles, each cutting within a certain 
range of angles. -This table will be useful in determining the best 
range for each thread tool. 
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P = Pitch = Threads per inch. 5 


= "ead = 2 
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D = Diameter of work in inches. 7 = 3.1416 = D 


C = Circumference of Work in inches = 7 D 
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Find Angle in Table of Tangents 


THREAD ANGLE TABLE 


THREADS PER INCH = P 
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Figs. 2 and 3 show side and front elevations of the thread tool 
and of the protractor as applied to obtain the proper angle of side 
clearance to cut a right-hand screw thread. The front edge of the 
thread tool is used to determine the angle of side clearance. Fig. 4 
shows a section taken along the line a b, Fig. 2. It will be noticed 
that line e f is shorter than G ZH to give clearance to the cutting 
edges of the thread tool, and also that G R is equal to H R and e S 
is equal to f S. The angle of the helix at half the depth of the 
thread, Fig. 5, can be used, if desired, and can be approximated to 
from the table, or figured exactly by the method given at the top of 
the table. 


HUME V0 


FIG. 5 


The Use of the Protractor 


MULTIPLE THREAD CUTTING 


THE accompanying table will be found useful when cutting mul- 
tiple threads. When one thread is cut, the feed nut may be opened 
(the spindle of course being stopped) and the carriage moved along 
by hand the distance given in the table; the nut is then closed on 
the screw and the next thread cut. This is a quick and sure method 
of starting the second, third or fourth thread where the lead screw 
of the lathe is of the pitch given in the table. 
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TABLE FOR MULTIPLE THREAD CUTTING 


Thread on Lead Move Carriage 


Screw 
DOUBLE 
I Even 3 inch 
it Any 2 inch 
15 Any 1 inch 
2 4 4 inch 
at Any 2 inch 
2k Any 1 inch 
3 Even + inch 
3t Any 2 inch 
34 _, Any zr inch 
4 8 ¢ inch 
44 Any 2 inch 
4h Any 1 inch 
5 Even $ inch 
54 Any rt inch 
TRIPLE 
I 6 4” or 2 threads on lead screw 
1} 6 14” or 8 threads on lead screw 
13 6 3” or 4 threads on lead screw 
2 6 #” or x thread on lead screw 
24 6 14” or 8 threads on lead screw 
ak 6 2” or 4 threads on lead screw 
QUADRUPLE 
I 4 $ inch 
1} Any 1 inch 
is Even a $ inch 
a 8 # inch 
at Any r inch 
2h Even } inch 


To cut a double thread screw 33 to the inch: the lathe must be 
geared the same as for a single, triple or quadruple thread, The 
tool will of course have to be the same width and the depth of cut 
the same as for a 7 per inch screw. After the first thread is cut it 
will appear very shallow and wide. With the lathe spindle idle, 
the nut is opened and the carriage moved (in either direction) 1 
inch; the nut is then closed on the lead screw and the tool is in the 
proper position to make the second cut. 

If the carriage were moved 2 inches, the tool could follow exactly 
the first groove cut. In the case of a triple-thread screw, if the car- 
riage were moved 3 inches, the tool would follow its original path, 
and it would do the same in the case of a quadruple thread if moved 
4 inches. 


8 SCREW THREADS 


The carriage can, of course, be moved 1 inch and the nut closed 
no matter what the pitch of the lead screw may be (unless it is frac- 
tional), but in order to close the nut after moving } inch, the screw 
must have some even number of threads per inch. 

As will be seen by referring to the table, a lead screw with any 
even number of threads per inch is used in a number of cases, while 
in several other instances the screw may be of any pitch — either 
odd or even. In certain cases 4 and 8 per inch lead screws are 
specified; and in cutting triple threads a 6 per inch screw is required. 


Fic. 6.— Face-Plate for Multiple Thread Cutting 


FACE-PLATE FOR MULTIPLE THREAD CUTTING 


Fic. 6 shows a face-plate fixture used on various numbers of 
threads. On an ordinary driving plate is fitted a plate having, as 
shown, twelve holes enabling one to get two, three, four or six leads 
if required. This ring carries the driving stud, and is clamped at 
the back of the plate by two bolts as an extra safeguard. All that 
is necessary in operation is to slack off the bolts, withdraw the index 
pin, move the plate the number of holes required, and re-tighten 
the bolts. It is used on different lathes, as occasion requires, by 
making the driving plates alike and drilling a hole for the index pin. 
It is found that the index pin works best when made taper, and a 
light tap is sufficient to loosen or fix it. 


CUTTING DIAMETRAL PITCH WORMS IN THE LATHE 
THE accompanying table is to be used in cases where fractional 


worm-thread cutting is necessary for diametrical pitch worm threads 
to mesh into diametral-pitch worm gears. 
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TABLE OF CHANGE GEARS FOR DIAMETRAL PitcH Worms 
Bi 
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_ 22 X Lead Screw x < 
Formula: 7 < Diametral Pitch rf = Ratio of Wheels. 


In the first column is found the diametral pitch to be cut. In the 
second column is found the corresponding single depth of the worm 
thread. Under the third column is found the width of the tool at 
the point, the tool being the regular 29-degree included angle. In 
the fourth column is found the width at the top of the worm thread. 

The next heading in the chart is ‘‘Pitch of lead screw,” and here 
are found different pitches of lead screws from 2 to ro. 
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Example; Suppose it is desired to cut a worm thread of 4 diametral 
pitch on a single-geared lathe having a 6-pitch lead screw. Now, 
opposite 4 in the first column find the single depth of worm thread, 
or 0.540 inch; and continuing in the same direction from left to 
right, under the next column find the width of the worm-thread tool 
at the point or end, which is 0.243 inch, and so on to the next column 
where is found the width of the worm thread at the top, which is 
0.263 inch. Say there is a 6-pitch lead screw on the lathe. Then 
follow right on in the same direction until coming to the square 
under 6, and the gear, will be in the ratio of 43. Of course there is 
no 7 gear on the lathe, so simply bring the fraction * to higher 
denominations, say, *> x $= ${: that is, put the 99 gear on the 
spindle or stud, and the 2t gear on the screw. Then use a gear of 
any convenient size to act as an intermediate gear, and thus connect 
the gear on the spindle with the gear on the screw. Taking the 
fraction §% and multiplying the numerator and denominator by 4, 
would give 432 as the two gears to be used. It will be seen that this 
last fraction simply changes the number of teeth in the gears, but 
does not change the value of the fraction; thus there is the same ratio 
of gears. 

Take another case: Suppose it is desired to cut a 20-diametral 
pitch worm thread in a lathe having a 4-pitch lead screw. What 
would be the necessary gears to cut the desired thread? Next to 
20 in the first column is found the single depth of the worm thread, 
which is 0.108 inch. Continuing on, reading from left to right as 
in the first case, and 0.048 inch is found as the width of the tool at 
the point. In the next column is found the width at the top of the 
worm thread, which in this case is 0.053 inch. Under column 4, and 
opposite 20, are found the gears necessary for cutting a 20-diametral 
pitch worm thread in a lathe with a 4-pitch lead screw. The gears 


22 stud : 
thus found, namely, Se ; , may not be in the regular set of gears 
35 screv 


furnished with the lathe. In that case double up on both and make 


c stud . : * 
it , which is the same in value. The two examples thus 
Oo screw 


worked out could have been cut on lathes with lead screws having 
any number of threads per inch, with the same result. One point 
in cutting these threads is that the tool must be of exact dimensions 
all over, for if it is not exactly 29 degrees included angle, or the point 
is not as it should be for width, then there will be an error in the 
worm thread all around, 


THE BROWN & SHARPE 29-DEGREE WORM THREAD 
AND THE ACME 29-DEGREE STANDARD 
SCREW THREAD 


THERE seems to be some confusion among mechanics regarding 
the 29-degree Acme standard screw thread and the Brown & Sharpe 
29-degree worm thread. 

The sketches, Figs. 7 and 8, show plainly the difference be- 
tween threads of the same pitch in the two systems. The sectional 


MEASUREMENT OF V-TOOLS It 


wiews are of threads of one-inch linear pitch drawn to scale to the 
iproportions given by the thread formulas in connection with the 
complete tables of the two systems of threads as given on pages fol- 
‘lowing. 
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Fic. 8, — Brown & Sharpe 29-Degree Worm Thread 


MEASUREMENT OF V-TOOLS 


THE accompanying table of angle measurements should proye of 
convenience to all who make tools for cutting angles or make the 
gages for these tools. 

The principle here adopted is that, on account of the difficulty 
and in some cases the impossibility of measuring the tool at its point, 
the measurement is taken on the angle of the tool at a given distance 
from the point. In this case the true measurement will be less than 
the actual measurement by an amount equal to twice the tangent of 
half of the angle multiplied by the distance of the line of measure- 
ment from the point. : 
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For making the measurement the Brown & Sharpe gear-tooth 
caliper may be used. Fig. 9 shows this tool in position for measur- 
ing. The depth vernier A is set to a given depth h, and the meas- 
urement is taken by means of the vernier B. ‘The width of the tool 


ae : Cc 
point x is equal to the measurement on the line a 6 less 2h (10. c) . To 


use the table, # is always taken to be +s inch, which is found to be 
a convenient depth for most work. If a greater depth is required, 
all that is necessary is to multiply the figures given by the ratio of 
the required depth to 34 inch. For instance, if the depth is required 


Fic. 9. — Measuring Thread Tools 


to be § inch, the figures given are multiplied by 2. In the great 
majority of cases, y!s will be found a suitable value for 1, when to 
find the width of the point x it is merely necessary to deduct the 


tan, se 
2 


value of for the angle required, which can be obtained at a 


glance from the table. 

In the case of the Sellers or United States standard thread, the point 
of the tool should be one-eighth of the pitch of the screw, while in 
the Whitworth standard, as shown, the point of the tool would be 
one-sixth of the pitch if it were not rounded. By using these fig- 
ures in combination with the table, it can be determined when sufhi- 
cient has been ground from the point of the tool. 

The table is called “Table for Angle Measurements,” because if 
a sharp angle, that is, one without the point ground away, is meas- 
ured as above, this measurement, by reference to the table, will give 
the angle direct. 
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TABLE FOR V-Toot ANGLE MEASUREMENTS 


tan. g tan fo 
Degrees Degrees 2 Degrees ee 
8 8 
I Br 0.0346 6r 0.0736 
2 32 0.0358 62 0.0751 
3 33 0.0370 63 0.0766 
4 34 0.0382 64 0.0781 
5 35 0.0394 65 0.0796 
6 36 0.0406 66 0.0811 
7 37 0.0418 67 0.08 27 
8 38 0.0430 68 0.0843 
9 39 0.0442 69 0.0859 
ate) 40 0.0454 70 0.0875 
II 41 0.0466 qI 0.0891 
12 42 0.0489 72 0.0908 
13 43 0.0492 73 0.0925 
14 44 0.0505 74 0.0942 
15 45 0.0518 75 0.0959 
16 46 0.0531 76 0.0976 
17 47 0.0544 77 0.0994 
18 48 0.0557 78 0.1012 
19 49 0.0570 79 0.1030 
20 50 0.0583 80 0.1048 
21 51 0.0596 81 0.1067 
22 52 0.0609 82 0.1086 
23 53 0.0623 83 O.IIO5 
24 54 0.0637 84 O.1125 
25 55 0.0651 85 0.1145 
26 56 0.0665 86 0.1165 
27 57 0.0679 87 0.1186 
28 58 0.0693 88 0.1207 
29 59 0.0707 89 0.1228 
30 -60 0.07 21 go 0.1250 


GRINDING THE FLAT ON THREAD TOOLS 


To facilitate grinding the correct width of flat for the single-point 
inserted tool to cut United States standard form of threads the ac- 
companying table on pages 14 and 15 has been prepared. The dis- 
tance from the point of the tool to the back is first measured with 
the micrometer, then the point of the tool may be ground off until 
the micrometer measurement from the back is equal to the whole 
depth minus dimension A, when we may be sure, without under- 
taking the difficult job of measuring it directly, that the flat B has 
the proper width. The dimensions A and B for pitches from 1 to 
64 threads per inch are included in the table. r 
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TABLE FoR GRINDING Firat Enp or Toot for Courtine U. S. 
FoRM OF THREAD 
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TABLE FOR GRINDING Frat End oF Toon For Curtinc U. S 
Form oF THREAD 


bo 
ey Bitch A B c | Rouble | Depth 
33 -0303 | .00315 | .0037 ,0032 0393 0196 
34 -0294 .00307 | .0036 +0031 .0382 -O1QI 
35 .0285 | .00295 | .0035 +0030 .0370 -O185 
30 -0277 .00289 | .0034 100295 | .0360 .o180 
37 -0270 | .0028r | .0033 -00286 | .0350 -O175 
38 -0263 -00272 | .00325 | ,00282 | .0341 -O17O 
39 -0256 | .00268 | .00320 | .00277 | .0333 -0166 
40 +0250 .00264 | .00312 | .00270 | .0324 -o162 
41 .0243 | .00255 | .00303 | .00262 | .0319 -O159 
42 -0238 -0025I | .00295 | .00257 | .0309 -O1545 
43 .0232 | .00247 | .c0290 | .00251 | .0302 -01520 
44 .0227 -00238 | .00283 | .00245 | .0295 -O147 
45 .0222 | .00233 | .00277 | .c0240 | .0290 0145 
40 .0217 | .00230 | .00271 | .00235 | .0282 -OI4I 
47 .0212 | .00225 | .00265 | .00230 | .0274 0137 
48 -0208 .0022I | .00260 | .00225 | .0270 -O135 
49 .0204 .00217 | .00255 | ,00220 | .0263 -O13I 
50 .0200 | .00213 | .00250 | .00216 | .0258 +0129 
51 -0196 | .00208 | .00245 | .co2I2 | .0254 -0127 
52 -0192 | .00204 | .00240 | .00208 | .0249 -01 245 
53 -0188 +00200 | .00235 | ,00203 | .0245 -O1225 
54 -0185 | .corg6 | .00231 | .00200 | .02405 | .o1202 
55 -o181 -00192 | .00226 | .c0196 | .0236 -Or18 
56 -0178 -00189 | .00222 | .o0192 | .0232 -or16 
57 -O175 .00185 | .co218 | .co189 | .0228 sOLI4 
58 -0172 | .00184 | .co2t5 | .cor86 | .0223 -OLII5 
59. -0169 .0o180 |*.00211 | .00183 | .o2201 | .oOr10 
-0166 | .00177 | .00208 | .oo180 | .02165 | .o1082 
61 -0163 | .00173 |. .00203 | .00177 | .o2I19 | .o1059 
62 -o161 -00172 | .00202 | .00175 | .02095 | .01047 
63 -0158 -00169 | .co198 | .co171 | .02061 | .o1030 
64 -0156 | .00167 | .00196 | .oor69 | .02029 | .o1014 
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TABLE OF U. S. STANDARD SCREW THREADS 


1 


No. Threads per Inch 
Formula (d= Depth== p x .64952 


p= Pitch= 


f=Flat =? 
8 
Diam. Threads Pitch Depth of Diam. at Root Width of 
of Screw | to Inch a Thread of Thread Flat 

t 20 .0500 10325 185 -0063 
Ts 18 .0556 0361 +2403 -0069 
q 16 .0625 +0405 +2930 .0078 
ts 14 o714 .0464 +3447 -0089 
4 13 -0769 -0499 -400I .0096 
ts 12 0833 0541 4542 -O104 
g II -0909 0591 +5009 -O1I4 
3 ste) 1000 0049 -6201 0125 
E 9 -IIII +07 21 -7307 +0139 
I 8 -I250 -0812 8376 -0156 
1h 7 +1429 +0928 +9394 - +0179 
1} 7 -1429 -0928 1.0644 -O179 
1% 6 -1667 -1082 1.1585 .0208 
1s 6 -1667 -1082 1.2835 -0208 
1% 54 1818 1181 1.3888 .0227 
1} 5 2000 -1299 1.4902 .0250 
1 5 +2000 -1299 1.6152 +0250 
2 44 2222 -1444 X.7IE5 .0278 
2} 44 2222 1444 1.9613 .0278 
2h 4 -2500 -1624 2.1752 -0313 
2} 4 -2500 -1624 2.4252 -0313 
3 3h -2857 1856 2.6288 .0357 
3t 3k 2857 -1856 2.8788 0357 
3t 3t “3°77 -1998 3-1003 +0385 
3% 3 3333 21605 3-3170 +0417 
4 3 +3333 -2105 3-5670 +047 
4t 2g -3478 +2259 3-7982 10435 
4h 2} 3636 2362 4.0276 +0455 
4% 2g 3810 2474 4.2551 +0470 
5 2h -4000 -2598 4.4804 .0500 
st at | .4000 | .2598 4.7304 0500 
54 23 4210 +2735 4.9530 +0526 
5t 2} -4210 2735 5-2030 +0526 
6 2} -4444 -2882 5-4226 +0556 


SHARP V THREADS 


TABLE OF SHARP “ V” SCREW THREADS 
iso 


Ky 


Formula { 


p=Pitch = 


1 


ee ee 
No. Threads per Inch 


d= Depth= p x .86603 


Ly 


Diam. 
of Screw 


HR HHH HHA 


© Grmpocemaromp a Dota mks ocho rhe lonme 


No. Threads 
per Inch 


43 


mics | Bit 
0500 0433 
-0556 .0481 
-0625 -0541 
.O714 .0618 
-0833 -07 22 
-0833 -07 22 
0909 -0787 
-0909 0787 
-1000 -0866 
-1000 -0866 
-IIII -0962 
-IIII -0962 
ALr250 -1083 
-1429 SEH) 
1429 1237 
-1667 -1443 
.1667 +1443 
.2000 -1733 
-2000 — stag 
12222, -1924 
2222 1924 
.2222 1924 
.2222 -1924 
-2222 -1924 
-2500 2165 
+2500 -2165 
-2500 +2165 
-2500 -2165 
-2857 2474 
-2857 +2474 
-2857 -2474 
-3077 .2066 
3077 -2666 
-30°77 -2666 
-3333 -2886 
-3333 -2886 
-3333 .2886 


Diam. at Root 
of Thread 


-1634 
+2163 
-2667 
-3140 
3557 
-4182 
-4676 
5301 
-5768 
-6393 
-6826 
7451 
+7835 
-8776 
1.0026 
1.0864 
1.2114 
1.2784 
1.4034 
1.4902 
1.6152 
1.7402 
1.8652 
1.9902 
2.0670 
2.1920 
2.3170 
2.4420 
2.5052 
2.6301 
2.7551 
2.8418 
2.9668 
3-0918 
3-17 27 
3-2977 
3-4227 
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SCREW THREADS 


TABLE OF WHITWORTH STANDARD SCREW THREADS 


1 
"No. Threads por Inch 


p =Pitoh = 
Formula< d=Depth =p x ,64033 


r =Radius= p x ,1378 


No. of 
Diam. of Serew Bag Pitch ae Da eee 

4 20 0500 0320 -1860 
ty 18 .0556 0356 -2414 
16 .0625 «0400 +2950 

1s 14 -O714 10457 .3400 
4 12 -0833 +0534 +3933 
ts 12 .0833 -0534 -4558 
g II +0909 -0582 -5086 
tt II ogog 0582 Bat 
} 10 1000 .0040 -6219 
+3 10 1000 .0640 -6844 
t 9 I1II -O711 7327 
I 8 1250 -0800 -8399 
1 7 1429 -O915 -9420 
it 7 1429 -O9015 1.0070 
1% 6 1067 .1067 1.1616 
14 6 1667 .1067 1.2866 
1% 5 2000 1281 1.3689 
1} 5 2000 -1281 1.4939 
2 4h 2222 1423 1.7154 
2} 4 +2500 -1601 1.9298 
ah 4 .2500 -1601 2.1798 
at 34 .2857 -1830 2.3841 
3 34 -2857 1830 2.6341 
3t 34 3°77 -1970 2.8560 
3k 3t “3977 +1979 3.1060 
3t 3 +3333 +2134 3-323 
4 3 +3333 +2134 3-573 
4h 25 3478 +2227 4.0545 
5 2} 3636 «2328 4.5343 
5h 2 3810 +2439 5-01 21 
6 2k «4000 125061 5.4877 


BRITISH ASSOCIATION THREADS 19 
TABLE OF BritIsH ASSOCIATION SCREW THREADS 
tae 
Formula ¢ d= Depth= p x .6 
ae 2xp 
Geil oe 
Num- | ,Piam. eae | Pitch | Approximate ee a eae a 
ber 2 Diam. mm. Pitch Inches | Thread Thread 
7 Inches mm mm. 
° 6.0 236 1.0 0394 6 4.8 
I 5:3 209 9 -0354 54 4.22 
2 4-7 185 81 -0319 485 3-73 
3 4.1 161 7S -0287 44 3-22 
4 3.6 142 -66 0260 395 2.81 
5 3.2 126 -59 0232 +355 2.49 
6 2.8 -I10 cites 0209 «32 2.16 
7 2.5 -098 48 o189 -29 1.92 
8 2.2 .087 43 o169 .26 1.68 
9 1.9 075 39 O154 +235 1.43 
10 ii7 .067 35 0138 20 1.28 
II 1.5 059 3u or22 185 1G 
12 Med O51 28 roy do) 17 -96 
13 pe. +047 25 -0098 15 9 
14 1.0 -039 23 -OO9I 14 of 
1S 9 +035 20 0083 125 -65 
16 79 031 .19 0075 II5 56 
17 -7° 028 aii) 0067 Ole +50 
18 62 024 ER 0059 -09 -44 
19 +54 O21 -14 0055 085 37 
20 -48 O19 12 0047 07 +34 
2i -42 O17 a 0043 065 -29 
22 37 O15 .10 0039 -06 +25 
23 3 O13 09 0035 055 22 
24 +29 OIL 08 0031 05 -I9 
ET 25 -010 07 0028 04 17 


20 FRENCH (METRIC) STANDARD SCREW THREADS 


p= Pitch 
Formula / d= Depth = p x .6495 


= P 
f Elate - 
Diameter of Pitch Diameter at Root Width of 
Screw mm. mm. of Thread mm. Flat mm. 
3 0.5 2.35 06 
4 9.75 3-03 209 
5 0.75 4.03 29 
6 1.0 4.70 13 
7 1.0 5-70 13 
8 I.0 6.70 13 
8 1.25 6.38 16 
9 1.0 7.70 ae) 
9 1.25 7238 +16 
10 1.5 8.05 -19 
II 1.5 9.05 +19 
12 1.5 10.05 +19 
12 1.75 9-73 a2 
14 2.0 II.40 125 
16 2.0 ; 13.40 +25 
18 es 14.75 +31 
20 aa 16.75 31 
22 aie 18.75 gz 
22 3.0 18.10 38 
24 3.0 20.10 238 
Leg 3.0 22.10 .38 
27 3.0 23.10 38 
28 3.0 24.10 38 
3° 35 25-45 “44 
32 3:5 27-45 44 
33 3°5 28.45 44 
34 a0) 29-45 “44 
36 4.0 30.80 5 
38 4.0 32.80 5 
39 4.0 33-80 5 
40 4.0 34.80 5 
42 45 36.15 56 
44. 4.5 38.15 +56 
45 455 39-15 +56 
46 4.5 40.15 56 
48 5.0 41.51 63 
5° 5.0 43-51 ° -63 
52 5.0 45-51 63 
56 535 48.86 -69 
60 5-5 52.86 -69 
64 6.0 56.21 -75 
68 6.0 60.21 “75 
72 6.5 63.56 31 
76 6.5 67.56 381 
80 7.0 70.91 388 
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TABLE OF INTERNATIONAL STANDARD SCREW THREADS 
DIMENSIONS IN MILLIMETERS 


p= Pitch 
Formula< d= Depth= p x .64952 
f=Flat — © 
8 


Diam. Diam. Diam. Diam. 
of Pitch of Pitch of Pitch of Pitch 
Screw Screw Screw Screw 


6 1.00 18 2.50 39 4.00 68 6.00 
7 I.00 20 2.50 42 4.50 72 6.50 
8 1.25 22 2.50 45 4.50 76 6.50 
9 Th 2 3-00 48 5.00 80 7.00 

Io I.50 27 3-00 52 5-00 88 7.50 

II 

12 

14 

16 


1.50 30 3-50 56 5.50 96 | 8.00 
1-75 33 3-50 60 5.50 116 g.00 
2.00 36 4.00 64 6.00 136 | 10.00 


The “International Standard” is the same, with modifications 
noted, as that now in general use in France. 


INTERNATIONAL STANDARD THREADS 


At the “Congress International pour L’Unification des Filetages,”’ 

held in Zurich, October 24, 1898, the following resolutions were 
adopted: 
' The Congress has undertaken the task of unifying the threads of 
machine screws. It recommends to all those who wish to adopt the 
metric system of threads to make use of the proposed system. This 
system is the one which has been established by the ‘Society for the 
Encouragement of National Industries,” with the following modi- 
fication adopted by this Congress. 

1. The clearance at the bottom of thread shall not exceed 5 part 
of the hight of the original triangle. The shape of the bottom of 
the thread resulting from said clearance is left to the judgment of 
the manufacturers. However, the Congress recommends rounded 
profile for said bottom. 

3. The table for Standard Diameters accepted is the one which 
has been proposed by the Swiss Committee of Action. (This table 
is given above.) It is to be noticed especially that 1.25 mm. pitch 
| is adopted for 8 mm. diameter, and 1.75 mm. pitch for 12 mm. 
| diameter. The pitches of sizes between standard diameters indi- 

‘cated in the table are to be the same as for the next smaller standard 
diameter. 
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ROLLED THREADS 23 


ROLLED THREADS 


The rolled thread process dates back more than 50 years and was 
first patented in England. It was first used on comparatively rough 
work such as track bolts but has come to be used on such fine work 
as the sizing of taps and screws for micrometers. 

The thread is forced up into the dies so that the finished screw is 
larger than the original wire by about the depth of one thread. In 
this way the size of the wire to use for any screw may be found by 
subtracting the depth of one thread from the outside diameter of 


i Exact allowance depends on 
threads per inch 


material being rolled and other conditions. 

The dies are usually flat plates of steel, having grooves of the same 
pitch and shape as the thread to be rolled. The dies can be easily 
laid out as follows: 

Draw a horizontal line equal in length to the circumference of the 
wire or blank, and at its end draw a vertical line equal to the lead of 
the screw. The diagonal line made by joining these two points shows 
the angle of incline of the grooves. This can be done more easily if 
both the circumference and the pitch are laid out to ¢en times their 
actual dimensions. 


the screw. This is 


DIMENSIONS OF BLANKS For U. S. S. RotteD Tureap ScREWS 
(Reep & Prince Mrc. Co.) 


Sent Ptr cA Sze | TPE] A 

UE Weed ea UR ee 
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Be hot Poangeaie a] (81) aan 
Bj lorst? iolsemne tate pte) | Pe || oade 
fs ol li Saeoeete Bt fae Set 
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ACME 29° SCREW THREADS 


Keno 
Lole.-s-- 9 N =No. of “ThreadeperTheh. 


pL Linear Pitch W==-3707 P—.0062 
N 8=.0203 P 
D=.5P+.01 B==.6293 P +.0052 


The Acme standard thread is an adaptation of the most com- 
monly used style of Worm Thread and is intended to take the place 
of the square thread. 

It is a little shallower than the worm thread, but the same depth 
as the square thread and much stronger than the latter. 

The various parts of the Acme standard thread are obtained as 
follows: 


Width of Point of Tool for Screw Thread = 
3797 
No. of Threads per inch 


Width of Screw or Nut Thread = 


— .0052. 


37°97 
No. of Threads per inch’ 
Diameter of Screw at Root = 
- I 
Diameter of Screw — (xe ar eiende ger ined + 20), 
I 
2 X No. of Threads per inch 


Depth of Thread = 


+ .Ooro. 


TABLE OF ACME 29° SCREW THREAD PARTS 


N je D F Ww Ss B 


be < a Width of Width Thickness 
Cini of) Pitch of Depth of | Width of Space at | of Space at Root 
eads | Single | Thread yer. of | Bottom of | at Top of of 


per Inch | Thread ead | Thread | Thread | Thread 
I 1.0 +5100 +3707 +3955 -6293 -6345 
14 750 3850 -2780 2728 4720 4772 
2 .500 -2600 -1853 -1801 +3147 +3199 
3 S333 lee LyOr +1235 -1183 -20098 +2150 
4 +250 +1350 0927 0875 1573 +1625 
5 +200 +1100 -O741 -0689 +1259 +1311 
6 1666 +0933 0618 -0566 +1049 -TIOI 
7 -1428 -0814 +0529 .0478 -0899 +0951 
8 125 10725 -0463 -O41I .0787 -0839 
9 -IIII 0655 -0413 .0361 -0699 -O751 
Io 


10 -0600 .0371 +0319 .0629 -0681 
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ACME 29° TAP THREADS 


Jac 
kp ses N =No, of Threads per Inch 
1 W=,3707 P —.0052 
=—=—= Pitch 
Poy Hnear Pitch 5 — 6208 P-+.0052 
Yy ty D=.5 P+,02 B=,6293 P +.0052 


F=.3707 P —.0052 


ee aL; 
YPM WY 


Tue Acme standard tap-thread is cut with the same width of tool 
as the screw-thread and the diameter at the root is the same for tap and 
screw. Clearance at bottom of thread between screw and nut is 
obtained by boring the nut blank .020 oversize. 

The outside diameter of the tap is made .o20 larger than the screw 
to give clearance between top of screw-thread and bottom of nut. 


Width of Point of Tool for Tap-Thread = 
3797 
No. of Threads per Inch 


3797 


=" 0052. 


Myer Tpeead No. of Threads per Inch ee 
Diameter of Tap = Diameter of Screw + .020. 
Diameter of Tap at Root = 
; I 
2 hes Me ER ing No. of Threads per Inch Mi 40.) 
Depth of Thread = = + .020, 


2 X No. of Threads per Inch 


TABLE OF ACME STANDARD 29° TAP-THREAD PARTS 


N. P D F Ww Ss B 
; = Width of | Width F 
r of | Pitch Thick 
Neca “ Sone gece Lea mes at Ppa at ‘Root i 
per Inch Thread Thread | Thread | Thread | Of Thread 
I 1.0 +5200 23055 3655 6345 -6345 
1} +750 3950 | .2728 | .2728 | .4772 4772 
2 +500 +2700 -I8o1 -1801 +3199 +3199 
3 SBGBS I EECOT. | sEEOS= L109 © | .2050 +2150 
4 +250 -T450 | .0875 0875 -1625 1625 
5 +200 1200 0689 | .0689 | .131Ir pre pia 
6 -1666 | .1033 0566 | .0566 | .rror -IIOL 
7 1428 | .ogr4 0478 | .0478 0951 0951 
8 125 20825 -O4IT O4II 0839 0839 
9 VELETH | O75S 0361 0361 O751 0751 
10 +10 20700 | .0319 0319 2681 0681 
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Brown & SHARPE ScrREW THREAD MICROMETER CALIPER 
READINGS 


READING OF CALIPER 


For U. S. Threads = D — 498 


U. S. STANDARD THREADS 


=e | em Caliper i , i 
4 Pitch | Rea ing E Pitch Ra a 
6495 6405 -6405 6495 
Bal,” 9 eee eh aa Dy WP RET ia tlt lo dT 
64 ,O1Or } 20 2176 -03 24 
62 -O105 ts 18 2765 .0360 
60 -0108 2 16 +3344 -0406 
58 -O1r2 yy 14 39011 0464 
56 .or116 4 13 -4501 +0499 
54 «0120 vs 12 -5084 0541 
52 0125 R II 566 .0590 
50 .0130 Z Io 6851 .0649 
48 0135 4 9 8029 .07 21 
46 ,O14I I 8 -9188 .0812 
44 0148 1} 7 I.0322 .0928 
42 0155 14 7 1.1572 .0928 
40 0162 12 6 1.2668 1082 
38 -O171 14 6 1.3918 1082 
36 .o180 1% 54} 1.507 1180 
34 -O1QI I i 5 1.6201 1299 
32 0203 I 5 I-7451 +1299 + 
30 +0217 2 44] 1.8557 1443 
28 +0232 24 4 2.3376 -1624 
26 +0250 3 34| 2.8145 1855 
24 -0271 34 34] 3.3002 +1993 
22 +0295 4 3 3-7835 21605 


As there is no standard of diameter for the finer pitches, the col- 
umns for diameter and caliper reading are left blank. The column 
on the right gives the number to be subtracted from the diameter to 
obtain the caliper reading. 


For explanation of screw thread micrometer caliper, refer to 
page 28. 
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BRowN & SHARPE ScREW THREAD MICROMETER CALIPER 
READINGS 


READING OF CALIPER 


For “V” Threads = D 8 


“V"? THREADS 
& | Pitch | Reading | Pitch) sending 
a a 

866 866 866 866 
D P De > pe D Pp Diz SEs ae 
64 0135 4 24 2139 0361 
62 40140 4 20 2067 0433 
60 0144 15 20 2692 0433 
58 -0149 15 18 2044 o48r 
56 LOI55 3 18 3269 0481 
54 .or60 3 16 3209 0541 
52 -0167 is 16 3834 0541 
50 +0173 Toe. | ia 3750 0619 
48 .o180 4 14 4381 0619 
46 .or88 4 13 4334 0666 
44 -O197 4 12 4278 0722 
42 .0206 ts 14 5006 0619 
40 -0217 35 12 4903 0722 
38 .0228 § II 5463 0787 
36 -O241 & 10 5384 0866 
34 10255 +4 10 6009 0866 
32 .0271 3 10 6634 0866 
30 .0289 g 9 7788 0962 
28 10309 I 8918 1082 
26 0333 tt 8 1.0168 1082 
rt 7 1.1263 1237 
13 6 | 1.3557 1443 


As there is no standard of diameter for the finer pitches, the col- 
umns for diameter and caliper reading are left blank. The column 
on the right gives the number to be subtracted from the diameter to 
obtain the caliper reading. 


For explanation of screw thread micrometer caliper, refer to 
page 28, ; 
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Brown & SHARPE SCREW THREAD MICROMETER CALIPER 
READINGS 


READING OF CALIPER 


For Whitworth Threads = D — ie 


WHITWORTH STANDARD THREADS 


Diam. Pitch Caliper Reading 
.640 .640 
D P D— >? =p, 
4 20 .2180 +0320 
ts 18 -2769 0355 
g 16 +3350 0400 
1s 14 3918 -0457 
3 12 -4467 +0533 
is 12 +5092 0533 
g II 5668 .0582 
i II 6293 .0582 
Fa 10 -6860 .0640 
ag 10 7485 -0640 
t 9 8039 O71 
13 9 8664 O71 
I 8 -9200 -0800 
1} 7 1.0336 -0914 
td 7 1.1586 -O014 
13 6 1.2084 -1066_ 
14 6 1.3934 .1066 
1% 5 1.4970 -1280 
1} 5 1.6220 1280 
1¢ 44 1.7328 -1422 
2 44 1.8578 -1442 
2t 44 1.9828 1422 


SCREW-THREAD MICROMETER CALIPER 


Tue Brown & Sharpe thread micrometer is fitted with pointed 
spindle and “V” anvil as in Fig. ro, to measure the actual thread 
on the cut surface. Enough of the point is removed and the bottom 
of the “V” is carried low enough so that the anvil and spindle clear 
the top and bottom of the thread and rest directly on the sides of 
the thread. 


MEASURING SCREW-THREAD DIAMETERS 29 


As it measures one-half of the depth of the thread from the top, 
von each side, the diameter of the thread as indicated by the caliper, 
‘or the pitch diameter, is the full size of the thread less the depth of 
sone thread. 

This depth may be found as follows; 


Depth of V__ threads = .866 + number of threads to 1” 


its “ce IER Ss: Std. “ae =, 6495 = “ “ “ ii3 “ 
4 “ Whitworth “ —- -64 ae “« “ “ “< “ 
fee) 
rare Bg 
i 
< 


Fic. ro. — Spindle and Anvil of Thread Micrometer 


As the U.S. thread is flatted $ of its own depth on top, it follows that 
the pitch diameter of the thread is increased $ on each side, equaling 
4 of the whole depth and instead of the constant .866 we use the 
constant .6495, which is 2 of .866. 

When the point and anvil are in contact the o represents a line 
drawn through the plane A B, Fig. ro, 
and if the caliper is opened, say to .500, it represents the distance 
of the two planes .500” apart. The preceding tables are used in 
connection with the micrometer. 


MEASURING EXTERNAL SCREW-THREAD DIAMETERS 
WITH MICROMETERS AND WIRES 


It is frequently necessacy, especially in making a tap or thread- 
plug gage, to measure the thread diameter on the thread angle in 
addition to measuring on top of the thread and at the bottom of the 
thread groove, and unless calipers made expressly for such work are 
at hand, the measurement on the thread angle is not made with any 
degree of accuracy or is omitted entirely. The accompanying 
sketches, Figs. 11, 12 and 13, formulas, and tables, are worked out 
for convenience in screw-thread inspection, so that by using ordi- 
nary micrometer calipers and wire of the diameter called for in the 
table the standard threads can be compared with the figures given. 


Threads of Special Diameter 


For threads of special diameter the values of x, #1 or x2 can be 
readily computed from the formula corresponding to the method of 
measuring to be used. The method shown in Fig. 11 at x is liable 
to lead to an error unless care be taken that the diameter on top of 
the thread is correct, and also that the flatted surface on the top of 
the threads is concentric with the rest of the thread. The concen- 
tricity of the flatted surface can be tested by measuring, as at x, Fig. 
11, at several points on a plane through the axis and at right angles 
to it. The wire used must be round and of uniform diameter. 
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D = outside diameter of thread. 

D, = root diameter measured in thread groove. 

n ==number of threads per inch of length. 

d =depth of thread. 

p = distance from center to center of adjacent threads, 

} =vwidth of flat on U. S. Standard thread. 

a =diameter of wire used. 

B =distance from apex of thread angle at root, to center of wire. 

D2z= diameter of cylinder touched by apexes of thread angles, 

x = diameter from top of threads on one side of tap or bolt, to 
top of wire laid in thread groove on opposite side. 


U. S. STANDARD THREAD 
p =lead= *, for single threads. 


6 
d = 2X 6495 = 298. 


p=y/w m9 2d)? + (‘“*\. 


Pp 
fi s 
a =from p, max; to p X .505, min, 


a : 
B => + sin 30° = a. 


isp S555. 
n 
DD 
Wi he iB be 
2 2 2 


mM = D.+ 2B+a. 
wm \/De+ 25+ (4) bo 
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TABLE FOR MEASURING U. S. STANDARD THREADS WITH MICROM- 
ETERS AND WIRES 


xfer}, Heh 
blah SI 


“Soh 
3 


oko & aha Saha 
2 Sy 


bai A fool 
2 


ole 
a 


Soin os! 
ara = 
eR 


Di D2 a B (=) x X1 XQ 
20 -1867| .1742| .04| .04}.000625] .2721| .2942| .29055 
18 -2419| .2283] .04] .04].000771) -3304] 3483] -3495 
16 +2954| .2803] .04] .04].000976] .3876} .4003| .4016 
14 +3465} .3292| .04| .04|.001274} -4433] -4492| .4507 
13 4019] .3834| .06| .06].001479] «5317| 5634] -5647 
12 .4561| .4362| .06| .06].001r735] .5893| .6162| .6177 
II 5089] .4872| .06] .06].002065| .6461| .6672| .6681 
II -5712| .5497| -06| .06].002065; .7086] .7297| .7312 
Io -6221| .5984| .06] .06).co25 -7643| -7784| .780r 
IO -6844| .6609| .06] .06).0025 | .8267] .8409] .8425 
9 -7327| .7066| 0.10] 0.10!.003086} .9408]1.0066]1.0083 
9 -7950| .7691| 0.10 | 0.10}.003086}1.0033) 1.0691/1.0706 
8 -83990| .8105] 0.10 | 0.50}.003906/1.0553|1.T105|1.1124 
7 -9421| .go85| 0.10} 0.10].005102/1.1667)1.2085|1.2107 
44 1.0668] 1,0335| 0.10 | 0.10|.005102|1.2917|143335(163355 
6 1,1614|1.1224| 0.10] 0.10].006944]1.3987|1.4224|1.4250 
6 1.2862|1.2474| 0.10| 0.10],006944|1.5237|1-5474|1-5497 
54 |I-3917|1-3494] 0-15 | 0.15|-008263)1-7122/1.7994|1.8019 
is I.4935|1-.4469] 0.15 | 0.15].010 1.8234]1.8969|1.8997 
5 1.6182|1.5719| 0.15 | 0.15|.010 |1.9484]2.0219)2.0245 
43 | 1-7149|1.6632] 0.15 | 0.15|.012343]2.0566] 2.113 2|2.1163 
44 —|1.8393|1.7882] 0.15 | 0.15|.01 2343] 2.1816] 2.2382|2.2411 
4% = |1.9641|1.9132| 0.15] 0.15].01 23.43] 2.3066] 2.363 2/ 2.3667 
4 2.0540|1.9961| 0.15 | 0.15}.015625|2.4105| 2.4461/2.4405 
4 2.1787| 2.1211] 0.15 | 0.15|.015625|2.5355|2.5711/2.5742 
4 2.4284|2.3711| 9.15 | 0.15].015625| 2.7855] 2.8211|2.8240 
34 —|2.6326}2.5670] 0.20] 0.20].020392|3.0835]|3.1670|3.1704 
3% |2.8823}2.8170] 0.20] 0.20],020392|/3.3335|3-4170|3-4200 
3% —13.104113.0337] 0.20] 0.20].023654!3.5668!3.6337/3.6368 
3 3-3211|3.2448} 0.20] 0.201.02775 |3.797413-8448/3.8486 
Z 3-5708)3.4948] 0.20] 0.20].02775 |4.0474]4.0948|4.0983 
24” |3.8019/3.7228] 0.20] 0.20].03024 |4.2864|4.3228]4.3 264 
23” |4.0318)3.9489] 0.20] 0.20].03305 |4.5244|4.5500|4.5530 
22” |4.2592|4.1728] 0.20] 0.20).03625 |4.7614|4.7728|4.7767 
24” (4.4848) 4.3938] 0.20] 0.20!.040 —|4.9970]4.9938|4.9980 
24” |4.7346)4.6438]| 0.20] 0.20].040 —_|5.2470]5.2438]5.2477 
2%” |4.9574/4.8610| 0.20] 0.20}.04431 |5.4810|5.4619|5.4661 
23” |5.2072/5.1119] 0.20] 0.20].04431 |5.7310|5.7119|5.7160 
24” |5.4271)5.3264] 0.20] 0.20].049373|5-9032|5.9264|5.9307 
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D = outside diameter of thread. 

D,= root diameter measured in thread groove. 

n = number of threads per inch of length. 

d = depth of thread. . 

p =<distance from center to center of adjacent threads. 

a = diameter of wire used. 

B = distance from apex of thread angle at root, to center of wire. 

D2= diameter of cylinder touched by apexes of thread angles. 

x = diameter from top of threads on one side of tap or bolt, ta 
top of wire laid in thread groove on opposite side. 


60° V THREAD 
p = lead = = for single threads. 


d =pX 866, _ 


py — 2d)? +- (=. 


p ,max; to p X .577, min. 


= 866 


B=-— + sin 30° =a, 


m=D2+ 2B+a. 


nny) e+ 2B + (Sh +o 
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TABLE FOR MEASURING 60-DEGREE V-THREADS WITH MIcrom- 


ETERS AND WIRES 


Ga) 


D n D, Dz a Xt x2 
3” | 20 1653] -1634| 0.04] 0.04 |.000625 | .2667 | .2834! .2846 
qs” | 18 -2180| ,2163| 0.04] 0.04 |.000771 | .3244 | .3363] .3375 
7” | 16 +2085] .2667] 0.04 | 0.04 |.0009765| .3808 | .3867] .3881 
te” | 14 -3158| .3138] 0.06 | 0.06].0001274| .4656 | .4938] .4957 
2 12 3580 “3587 ee Ee -001735 “Onn “5387 “5375 
16 12 +4202} .4152/ 0.00 | 0.00|.001735 } «5503 | .5952] .599 
A” |r -4697| .4676| 0.06 | 0.06}.0020657| .6363 | .6476] .6492 
P Ir “5319 “$30, 0.06 | 0.06 |.0020657 6087 gins us 

10 -5789| .5768] 0.10] 0.10].0025 134 | .8768] .8784 
yo 10 og “6393 0.10] 0.10 1045 ab 8759 “9393 O6r3 

9 -6847| .6826] 0.10 | 0.10}.0030 -92 -9826] .9843 
42” | 9 -74709| -7450| 0.10 | 0.10|.003086 | .g912 |1.045 }1.0466 
x”, 8 -7859| .7835| 0-10 | 0.10].003906 |1.0417 |1.0835]1.0854 
14” i 8803! .8776| 0.10] 0.10 ].005102 1.1513 |1.1776|1.1800 
xy" 7 |1.0050|1.0026] 0.10] 0.10 |.005102 |1.2763 |1.3026)1.3047 
13” 6  |1.0895}1.0863] 0.15 | 0.15 |.006944 {1.4556 |1.5363!1.5388 
14” 6 |r.2441/1.2113] 0.15 | 0.15 |.006944 |1.5806 |1.6613)1.6635 
Te” 5  |1.2825]1.2786| 0.15 | 0.15 |.010 1.6768 |1.7286]1.7317 
ry” 5 |r-4071|1.4036] 0.15 | 0.15 ].010 1.8018 }1.8536]1.8565 
17” 4% |1.4941}1.490 | 0.15 | 0.15 ].012343 }1.9075 |1.9400]1.9434 
a 4% |1.6188|1.615 | 0.15 | 0.15 |.012343 }2.0325 }2.0650}2.0682 
2h” 4% |1-7435|1-740 | 0.15 | 0.15 |.012343 |2-1575 |2-1900]2.1930 
2h” 44 |1-8683|1.8651| 0.15 | 0.15 |.012343 |2.2825 |2.3150]2.3178 
23” 44 |1.9930/1.990 | 0.15 | 0.15 |.012343 }2.4075 |2.440 }2.4426 
24” | 4 |2.0707/2.067 | 0.20] 0.20].015625 }2.5835 |2.670 |2.6670 
27” 4 |2.3203}2.317 | 0.20] 0.20].015625 |2.8335 |2.917 |2.9196 
” 

3k }2.5089]2.505 | 0.20] 0.20].020392 |3.0525 |3.105 |3.1085 
3h” 34 |2-7587|2.755 | 0.20] 0.20].020392 13.3025 13.355 |3.3582 
ay 3k |2.9711}2.967 | 0.20] 0.20].023054 |3-5335 |3-567 13-5705 
3” 3. |3-1770}3-1727| 0.20] 0.20].02775 13-7613 |3-7727|3-7765 
4” 3  |3-4266/3.4227| 0.20] 0.20].02775 |4.0113 |4.0227|4.0263 


WATCH SCREW THREADS 


‘WatcH screw threads are of sharp V-form and generally 45-degree 
angle for screws used in nickel and brass; though 60 degrees for use 
in steel. The Waltham Watch Company and others use the centi- 
meter as the unit for all measurements with the exception of the 
pitch, which is based on the inch; the Waltham threads being 110, 
120, 140, 160, 170, 180, 200, 220, 240, 254, per inch and the diam- 


eters ranging from 0.120 to 0,035 cm. 
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Fic, 13. — Measuring Whitworth Threads 


D = outside diameter of thread. 

D,= root diameter measured in thread groove. 

n = number of threads per inch of length. 

d = depth of thread. 

p = distance from center to center of adjacent threads. 
r 

a = diameter of wire used. 


radius on Whitworth thread, 
B = distance from apex of thread angle at root, to center of wire, 
D:;= diameter of cylinder touched by apexes of thread angles. 
x = diameter from top of threads on one side of tap or bolt, tc 
top of wire laid in thread groove on opposite side, 


| 


WHITWORTH THREAD 


p = lead = = for single threads. 


. 6. 
d = p X .64033 = ES 


r= y/o ad adn + ("0s 


r =p X -1373- 
a =p X .84, max; to p X .454, min. 


a 
B =—-+ sin 27° 30° = fn 
2 73 9235 
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TABLE FOR MEASURING WuitworRTtTH THREADS WITH MICROMETERS 
AND WIRES 


B (on ) CANE 2 > oe Xe 


Le) 
=) 
ie 
= 
p 


3 


20 | .1875] .1699] 0.04 |.04331 |.000625] .2733] .2965] .2077 
32428] .2235| 0.04 |.04331 |.000771| .3313] .3501| .3514 
16 | +2965] .2749] 0.04 |.04331 |.000976] .3883] .4015] .4029 
I4 +344 | .3231| 0.04 |.04331 |.001274] 14436] .4497| .4512 
I2 | .3953| -3666| 0.06 |.06496 |.001735] .5232| .5563) 15582 


Hl 
asda 
SS 
H 
oo 


sof 
Sy 


HH 


=” | 12 | .4576] .4291/ 0.06 |.06496 |.001735| .5907| .6190| .6204 
ROT a. -5105| -4794| 0.06 |.06496 |.002005| .6372| .6693] 16710 
4” | rr | 5728) .5420] 0.06 |.06496 |.002065| .7007] .7319] 17334 
2” | 10 | .6239] +§899] 0.06 |.06496 |.0025 | .7646) .7798| .78r5 
127 | 10 | .6862| .6524| 0,06 |.06496 |.002§ | .8274| .8422| 8438 
y 9 | .7348] .6971| 0.06 |.06496 |.003086} .88r0} .8870) .8882 
43” | 9 | -797 | +7596) €.06|.06496 |.003086) .9435] '.9495| .9512 
a” 8 .8422| -7999| 0.10 |.10839 |.003906)1.0583/£.1167/1.1185 
i A 7 -9447| .8963| 0.10 |.10839 |.005102/1.169 |¥.2131|1,2153 
ie ae 7 |1.0693|1.0213) 0.10 ].10839 |.005102|1.294 |1.3381|/1.340 

ry" 6 |1.1644/1.1082] 0.10 |.10$39 |.006944|1.400 |114250]1.4276 
igus 6 |1.2892}1.2332| 0.10 |.10839 |.006944|1.525 |£.5500|1.5523 
12” 5 |x-3726|1-3048) 0.15 |.16342 |.010 =| 1.7023|1.7796|1.7826 
12” 5 |x.497 |1-4298] 0.15 |.16242 |.010 1.8273|1.9046| 1.9074 
1g” 4 |1.5942|1-5193| 0.15 |.16242 |.012343|1.9345|1-9941) 1.9973 
On 4% |1.7185/1.6443] 0.15 |.16242 |.022343]2.0595|2-1191| 2.1221 
24" 4% |1.8437|1-7693| 0.15 |.16242 |.012343|2.1845|2.2441|2.2470 
2” -| 4 |1.9338)/1-8498) 0.15 |-16242 |.015625|2.2873|2.3246/ 2,328 

23" 4 |2.0585]1-9759] O15 |.16242 |.015625)2.4123| 2.4498 2.453 

23” 4 |2.1833/2.100 | o.15 |.16242 |.015625|2.5373/ 2.5748) 2.5778 
ai” 34 | 2.3882) 2.2926] 0.20|.21567 |.020392|2.837 |2.9240)2.9276 
ae 3% |2.6397|2.5426] 0.20|.21567 |.020392|/3.087 |3.174013.1773 
3h" 34 |2.866 |2.7574] 0.20|.21567 |.023654|3.3194/3.3887/3.3924 
oh" 34 |3.1098/3.0074] 0.26 |.21567 |.023654!3.5604/3.638713.642 

3 3 |3:327 |3-2164| O.20}.21567 |,027755|3-799 |3-8477|3.8515 
4 3_ |3+5798/3-4664] 0.20 |.21567 |.027755/4:049 |4.0977/4.1012 
4a” 2% |3.808 |3.693 | 0.20].21567 |.030241/4.287 |4.3243/4.328 

43” 2] |4.0582/3.943 | 0.20].21567 |.030241/4.537 |4-5743/4.578 

43” 2} |4.2878]4.168 | 0.20].21567 |.033051/4.7746|4.7993|4.8025 
5 2 14.5376|4.418 | 0.20|.21567 |.033051|5.0245| 5.0493] 5.0524 


5 23 |4.7658!4.640 | 0.20|.21567 |.036252/5.2607|5.2713/5.275 
5h” 2% |5.0156|4.890 | 6.20|.21567 |.036252/5.5107/5.5213/5.5248 
Cree 2k |5.2415|5.110 |0.20].21567 |.040 —{5.7455|5-7413|5-7440 
6” 2h |5-4913|5.360 | 0.20|.21567 |.040 —|5.9955|5-9913|5-9944 
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MEASURING FINE PITCH SCREW-THREAD 
DIAMETERS 


THE accompanying table should be of service to those using the 
three-wire system of measurement as the constants cover the finer 
pitches and may be easily applied to screw threads of any diameter. 
The diagrams, Fig. 14, make the method of application so plain 
that no description appears necessary. 


Formulas: 


For V Thread 
D=M- 3 W+ 1.732 P, 
M =D —1,732 P.+3 W. 


Fic. 14. — Measuring Fine Pitch Threads 


For Sellers Thread 
D=M—3 W+ 1.5155 PB. 
M=D—1,5155 P+ 3 W. 


CONSTANTS FOR USE wITH THE 3-WIRE SYSTEM OF MEASURING 
re 


ScrEW THREADS 


> For 
Threads Vv TI i 


1.732 P= 
8 +21650 
9 19244 
10 -17320 
it *15745 
12 .14433 
13 13323 
14 -12371 
16 -10825 
18 .09622 
20 -08660 
22 .07872 


24 .07 216 


1 TT 
For Sellers 


Thread 


1.5155 P= 


Threads 
per Inch 


For Sellers 


For 

V Thread Thread 

1.732 P= 1.5155 P= 
-06928 .06062 
06185 .05412 
-O5412 04736 
.04811 -04210 
04330 03789 
-03608 +0357 
-03464 -03031 
030093 -02706 
.02706 -02368 
02165 -03894 
-01732 01516 


MEASURING METRIC THREADS 


MEASURING METRIC SCREW THREAD 
DIAMETERS 
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The tables and formulas given herewith in connection with Fig. 15 
should be of value to those engaged in work requiring the frequent 


production of thread gages or special taps in the metric sizes. 


The 


three wire system is used as in the preceding tables, the wires being 
applied as indicated. 


_ For V Threads 


Formulas: 
For Threads with Flat Top 
and Bottom equal to } of 
the Pitch 
D=M—3W+1.5155 P. 


D=M —3W +1.732P. 
D 


— 1.732P+3W. 


M =D —1si1ssP+3W. 


Fic. 15. — Measuring Metric Threads 
CoNSTANTS FOR Use IN MeEasurINnG Metric ScrEw THREADS 
BY THE 3-WIRE SYSTEM 


itch 
0.5 «01969 -03410 .02984 
0.75 .02053 | .o5t09 | .04475 
1.0 103937 -06819 05966 
5 1.25 | .04921 .08523 107458 
1.5 05900 -09719 -08941 
1.75 .06890 -11933 «10442 
2.0 -07874 .13638 -11933 
Bis -09843 -16948 -I4Q17 
3.0 -I1811 -20456 -17899 
3.5 -13780 .23867 -20784 
4.0 -15748 -20775 -23866 


Pitch 


m-m 


Pitch 


Inches 1.732P E-S1S5P 
.I7717 .30686 -26850 
19685 | .34004 -29833 
21654 +37500 .32816 
+23622 | .40913 “35799 
255901 | .43773 38783 
27559 | .47677 -41766 
29528 «51092 +44749 
-31496 | .54551 -47732 
-35433 -60870 -53699 
«39370 .68189 -59005 
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MEASURING ACME 29-DEGREE THREADS 


THE diameter of a wire which will be flush with tops of thread on 
tap when laid in the Acme thread groove, Fig. 16, will be found as 
follows: 


Rad. of wire section = side opp. = side adj. X tan. 37° 45’ = 
p X .6293 + .0052 Se ace 


2 
Diam. of wire = (/ X .6293 + .0052) .77428. 


Wires of the diameter given in the table come flush with the tops 
of tap threads and project .oro above the top of screw threads. 


Tap Thread 


Fic. 16. — Measuring Acme Threads 


TABLE OF WIRE SIZES FOR MEASURING ACME STANDARD 29° SCREW 
AND Tap THREADS 


Threads per Inch Pitch Diam. of Wire 
I Ze | 0.4913 
x4 750 0.3694 
14 -6666 0.3288 
1} 5774 | 0.2824 
2 +500 0.2476 
2k -400 : 2.1989 
3 3333 0.1664 
4 250 0.1278 
5 200 0.1014 
6 1666 0.0852 
7 1428 0.0736 
8 125 0.0649 
9 IIII 0.0581 

10 100 0.0527 


| 
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MEASURING BROWN & SHARPE 29-DEGREE 
WORM THREADS 


TuE diameter of wire for Brown & Sharpe worm thread, Fig. 17, 
for each pitch, that wilf rest in the thread groove on the thread angle 
and be flush with the tops of the finished threads, is found as follows; 

Rad. of wire section (see table) = side opp. = side adj. X tan. 
0.665 P 


BI ACh X 0.77428 = 0.257448 P and diam. of wire = 


0.5149 P. 


2 


Fic. 17. — Measuring Brown & Sharpe Worm Threads, 


TABLE OF WIRE SIZES FOR MEASURING B. & S, 29° Worm THREADS 


Threads per Inch Pitch Diam. of Wire 

$ 2. 1.0298 

+ 1.750 0.9010 

$ 1.500 0.7723 

4 I.250 0.6436 

I I.0 0.5149 
14 -6666 0.3432 
2 “5 0.2574 
ak 4 0.2060 
3 +3333 0.1716 
34 2857 O.1471 
4 +250 0.1287 
4h +2222 0.1144 
5 22 0.1030 
6 1666 0.0858 
7 1428 0.0735 
8 125 0.0643 
9 III 0.0572 
ro -I0 0.0515 
12 -0833 0.0429 
16 -0625 0.0322 


0.0257 


to 
fo) 
fo) 
nn 
° 
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Width of Top of Thread = 


Depth of Thread = 


WORM THREADS 


Width of Space at Bottom 


Clearance at Bottom of Thread 


Width of Space at Top of Thread = 


Thickness at Root of Thread = 


N& No. of Threads per Inch. 


p= = Linear Pitch 


No. of Threads per inch” 


-6866 


2335 


ll 


+310 


No. of Threads per inch” 
No. of Threads per inch’ 


No. of Threads per inch’ 
Thickness at Pitch Line 


ads per inch’ 


Io 
665 

No. of Thre 
-69 


No. of Threads per inch’ 


TABLE OF Brown & SHARPE 29° Worm THREAD Parts 


Number of 
Threads Per 
Inch 


we ee 


oe 


Cm AnHhARWWH ND HHH 
we 


P D F w T A s B 
~ rT ses ‘Ss See 3 Sy popes 7 
ase | 23 |e03|238| 2e5| B82 | 223 eee] 33 
25 | Ba |3S2/523 | 385 | be4| Se | Sa6 | S88 
B?h | Gh [EAE |bam | eee |e 3 $3 |ea | 2am 

sees ks B 
1.0 6866 | .3350 | .3100 | .5000 | .3183 | .05 665 | .69 

38 5492 | .2680 | .2480 | .4000 | .2546 | .04 S32 1.552 
-6666 | .4577 | .2233 | -2006 | .3333 | 2122 | .0333 | .4433 | 4599 
5 +3433 | -1675 | -1550 | 2500 | .1592 | .0250 | .3325 | .345 
4 2746 | .1340 | .1240 | .2000 | .1273 | .0200 | .2660 | .276 
+3333 | -2289 | .1117 | .1033 | 1666] .1061 | .0166 | .2216| .2299 
2857 | .1962 | .0957 | .0886 | .1429 | .0909 | .0143 | .I90T | .2011 
250 | 1716] .0838]| .0775 | .1250| .0796 | .o125 | .1637 | .1725 
.2222 | .1526| .0744 | .0689 | .1111 | .0707 | .orrr | .1478 | .1533 
2 +1373 | .0670 | .0620 | .1000 | .0637 | .o100 | .1330 | .138 
-1666 | .1144 | .0558 | .0517 | .0833 | .0531 | .0083 | .1108 } .115 
.1428 | 0981 | .0479 | .0443 | .0714 | .0455 | 0071 | .095 | .0985 
125 | .0858 | .o419 | .0388 | .0625 | .0398 | .0062 | .0818 | .0862 
IIII | .0763 | .0372 | .0344 | .0555 | .0354 | .0055 | .0739 | .0766 
10 | .0687 | .0335 | .0310 | .0500! .0318 | .co5 | .0665 | .o69 
.0833 | .0572 | .0279 | .0258 | .0416 | .0265 | .0042 | .0551 | .0575 
0625 | .0429 | .0209 | .0194 | .0312 | .o1g9 | .0031 | .0409 | .0431 
050 | .0343 | .0167 | .o155 | .0250] .o159 | .0025 | .0332 | .0345 
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WORM WHEEL HOBS 


Hoss are made larger in diameter than the worm they are used 
‘with by the amount of two clearances. The Brown & Sharpe method 
jis to make the clearance one-tenth of the thickness of the tooth on 
ithe pitch line or .o5 inch for a worm of one pitch. If the worm was 
3 inches outside diameter, which would be a fair proportion for this 
pitch, the outside diameter of the hob would be 3 + (2 X .05) = 3.1 
inches. The thread tool would be .31 inch wide at the point and 
would cut .6366 + .1 = .7366 deep, leaving the top of the thread 
tthe same thickness as the bottom, which is different from the worm. 

The land LZ should be made as near the proportions given as pos- 
sible. 


B=.81 x Pitch 
c=Yi0 of T W=.31 x Pitch =B D =Diam. of Worm + 20 
E==.69x Pitch =A WD =3306 x Pitch L=WD +3¢ Inch 


AF = .3083 x Piten WD =.7366 x Pitch 


Fic. 18. — Section of Hob Thread Fic. 19. — End View of Hob 


The diagram Fig. 18 shows the shape and proportions of the thread 
sof a worm hob, and Fig. 19 shows the proportions for the depth of 
tooth, the lead and the outside diameter. In these diagrams: 


A = Width of space at top of tooth. 
B = Width of thread at top. 
C = Clearance or difference between the hob and worm. 
i D = Diameter of hob. 
E = Width of tooth at bottom. 
F = Hight above pitch line. 
L = Width of land or tooth at bottom. 
; S = Depth below pitch line. 
T = Width at pitch line. 
W = Width of space at bottom. 
WD = Whole depth of tooth. 


PIPE AND PIPE THREADS 


BRIGGS STANDARD PIPE THREADS 


Tue particulars in the following paragraph regarding this system 
of pipe standards are from a paper by the late Robert Briggs, C.E., 
read in 1882, before the Institution of Civil Engineers of Great 
Britain. 

The taper employed has an inclination to 1 in 32 to the axis. The 
thread employed has an angle of 60 degrees; it is slightly rounded 
off, both at the top and at the bottom, so that the hight or depth of 
the thread, instead of being exactly equal to the pitch X .866 is 


only four-fifths of the pitch, or equal to 0.8, if m. be the number of 


” ” 

MY, tn. 1 of Length 
\ 1 Pout Fist Top boos a Dia.+4.8) x4 | 
fas int Soh ond Bobtom cs ee cee ee ee ae 


met 


Taper of Pipe End =x per FL='/) per In, 
Depth of Thread (E) 


Thad, per In, 
noeNumber of Threads por in, 


Fic, r.— Longitudinal Section of Briggs Pipe Thread 


threads per inch, For the length of tube-end throughout which 
the screw-thread continues perfect, the formula used is (0.8 D + 4.8) 


x > where D is the actual external diameter of the tube throughout 


its parallel length, and is expressed in inches. Further back, be- 
yond the perfect threads, come two having the same taper at the 
bottom, but imperfect at the top. The remaining imperfect portion 
of the screw-thread, furthest back from the extremity of the tube, 
is not essential in any way to this system of joint; and its imperfec- 
tion is simply incidental to the process of cutting the thread at a 
single operation. 


Thread Section 


The threads as produced at the pipe end in the Briggs system 
are represented clearly in the longitudinal section, Fig. 1. | 
Here the threads that are perfect at top and bottom are shown 
at F’, the depth being indicated at Z, Back of the perfect threads 


42 


BRIGGS STANDARD PIPE THREADS 43 


mare represented the two threads with perfect bottom and flat tops 
and behind these are the imperfect threads produced by the chamfer 
©r bell mouth of the threading die. A table giving the general 
(dimensions of wrought iron tubes in the Briggs system will be found 
on page 40, while complete data pertaining to the thread depths, 
liengths of perfect and imperfect portions, allowances for making the 
joint in screwing the pipe into the fitting, gaging allowances, etc., 
“re contained in the tables on pages 47 and 4g, 

In cutting pipe threads with a lathe tool as in threading taper 
‘vork in general, the tool should be set at right angles to the axis 
of the piece and not square with the conical surface. 


Sranparp Dprensions oF WrovuGHt-IRonN WELDED TUBES 
Briccs STANDARD 


: Meal: 
~ ° 
Berets: teak | )dioat fia 
Inches Inches Inches 
t 0.270 0.405 0.068 | 
3 0.364 0.540 0.088 
3 0.494 0.675 9.091 | 
4 0.623 0.840 ©.109 
2 0.824 I.050 0.113 
I 1.048 1.315 0.134 S 
1} 1.380 1.660 | o.1g0 | i 
13 1.610 1.900 | 0.145 | e 
2 2.067 2.375 | ~o.rs4 / - 
2} 2.468 2.875 0.204 8 0.89 
3 3.067 3-500 0.217 8 0.05 
33 3.545 4.000. 0.226 8 1.00 
4 4.026 4-500 0.237 8 I.05 
43 45 5.000 0.246 8 I.10 
ec 5 5.045 | 5-563 | 0.259 8 1.16 
6 6.065 6.625 9.280 8 1.26 
7 7-023 7-625 0.301 8 1.36 
8 7-982 8.625 0.322 8 1.46 
: *9 9.000 9.688 0.344 8 1.57 
Io 10.019 10.750 0.366 8 1.68 


* By the action of the manufacturers of wrought-iron pipe and 
jler tubes, at a meeting held in New York, May 9, 1830, a change 
m size of actual outside diameter of g-inch pipe was adopted, mak- 

the latter 0.625 instead of 9.688 inches, as given in the table of 
iggs standard pipe diameters. 
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Tue table below shows the British pipe and pipe threads, sizes 
recommended by the Engineering Standards Committee. 


BRITISH STANDARD PIPE THREADS 


£13. | s 3,8 | Dusen now | Se, | 8 
w 
FE o3 83 a 282 |8_| Env or Pre g°8 | 328 
S2ifea| ge | &3| age jes Soa | Fux 
Ag|ssa) £6 | Sa] ABS |o4 Ass | 88s 
ue | ROA AS ae Aig & wel oD ong as 
£°/) S05] 0 sa] ote (88) 2] vt BAR | oo3 
gq [ae | 88 | 8°) $55 je] 3] 98) Bs | aoe | Bea 
i) an ou i=} ° 3 Sg Ss FI Sa 3° 4 
a |e a pales 2. 
t 43 0.383 | 0.046 0.337 | 28 | wh} 0.18 | 0.13 0.373 0.327 
3 4g 0.518 | 0.067 | 0.451 | 19 | ¥y| 0.22 | 0.16 0.506 0.439 
i 2 0.656 | 0.067 0.589 | 19 4 | 0.29 | o.ar 0.640 0.573 
4 RR 0.825 | 0.091 0.734 | 14 4] 0.29 | o.2r 0.809 0.718 
7 45 0.902 | 0.091 0.811 | 14 4 | 0.29 | oar 0.886 0.795 
#] xy 1.041 | 0.091 0.950 | 14 ¥ | 0.44 | 0.31 1.018 0.927 
¥| Ig 1.189 | 0.091 1.098 | 14 3%] 0.44 | 0.31 1.166 1.075 
I 14h 1.309 | 0.116 1.193 | 11 #| 0.44 | 032 1.286 1.170 
14] rh 1.650 | 0.116] 1.534 | 11 4] 0.58 | 0.42 1.619 1.503 
r4| x38 1.882 | 0.116 1.766 | 11 4} 058 | 0.42 1.851 1.735 
rd] 2x; 2.116 | 0.116 2.000 | Ir # | 0.73 | 052 2.077 1.961 
2 23 2.347 | 0.116 2.231} x11 & | 0.73 | 052 2.308 2.192 
at] 2¢ 2.587 | 0.116 | 2.47% | Ir 4] 0.80 | 0.57 2.544 2.801 
2k] 3 2.960 | 0.116 2.844 | 11 4 | 0.80 | 0.57 2.917 3.043 
2t| 3% 3-210 | 0.116] 3.004 | 11 | 22] 0.05 | 0.68 3-159 3-293 
3 34 3-460 | 0.116] 3.344 | Ir 3] 0.95 | 0.68 3-409 3.293 
3t| 32 | 3.700] 0.116] 3.584 | 11 | #] 1.02 |'0.73 | 3.645 | 3-529 
3h] 4 3-050 | 0.116] 3.834 | Ir E | 1.02 | 0.73 3-805 3-779 
3%] 44 4.200 | 0.116] 4.084 | 11 ¥ | 1.02 | 0.73 4-145 4.029 
4 44 4.450 | 0.116 4.334 | Ir | 1 1.17 | 0.83 4.387 4.271 
44| 5 4.950 | 0.116] 4.834 | xr | 1 1.17 | 0.83 4.887 4-771 
5 53 5.450 | 0.116 | 5.334 | rr | 14] 1.31 | 0.04 5.380 5.264 
54| 6 5.950 | 0.116 5.834 | rr | 14] 1.46 | 1.04 5.872 5.756 
6 64 6.450 | 0.116 6.334 | rr | 19%] 1.60 ] 1.15 6.364 6.248 
7 74 7.450 | 0.128 7.322 | 10 |1#] 1.60 | r.15 7-364 7.236 
8 84 8.450 | 0.128 8.322 | x10 | x4] 2.75 | 2.25 8.356 8.228 
9 94 9.450 | 0.128 9.322 | 10/14] 1.75 | 2.25 9.356 9.228 
ro | 104 10.450 | 0.128 | 10.322 | 10 | 1 $ | 1.90 | 1.35 | 10.348 | 10.220 
mr} 3114 11.450 | 0.160 | I1.290 8 |1# | r.90 |] 1.35 | 11.348 | 11.188 
12 | 124 12.450 | 0.160 | 12.290 8 |}1§] r.90 | 1.35 | 12.348 | 12.188 
13 | 132 13.680 | 0.160 | 13.520 8 | 1] 1.900 | 1.35 | 13-578 | 13.418 
144 | 144 14.680 | 0.160 | 14.520 8 | 12] 2.04 | 1.46 14.571 | 14.411 
1s | 15% | 15.680 | 0.160 | 15.520 8 |}13]| 2.04 | 1.46 | 15.572 | 15.41% 
16 | 16% | 16.680 | 0.160 | 16.520 8 |x} | 2.19 | 1.56 | 16.563 | 16.403 
17 | 17% | 17.680 | 0.160] 17.520 8\2 2.33 | 1.67 | 17.555 | 17.305 
18 | 18% | 18.680 | 0.160 | 18.520 8 |2 2.33 | 1.67 | 18.555 | 18.305 


Taper of pipe ends = ay” to 1”. Whitworth standard threads. 


TAP DRILLS FOR PIPE TAPS 


Tare Dritis FoR Pree Taps 


The sizes of Twist Drills to be used in boring holes, to be reamed 
with Pipe Reamers, and Threaded with Pipe Taps, are as follows: 
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Size BRIGGS WHITWORTH Size BRIGGS WHITWORTH 
Pipe “Sasi (as Sa | Pipe 
Tap | thread | Drill | Thread | Dri || 7? | Thread | Drill | Thread | Drill 
t] oor | a] 28 | x | oH 
+ 18 a4 19 2i || 2 11} | 235 II 235 
7 et ea 6 sca eae hea WE al ux | 28 
Bellae | taah aa |e od | 8 bege| arl age 
§ 14 23 || 22 II 233 
ye] aeA $3] 14 33 || 3 8 |3%] mm | 3e% 
} 14 | 15 || 33 x | 34 
I 11h. | 1% COL ol} ese: 8 |3ts] 1 3% 
xt | rrp [ote] xx [x48 |] 32 rai 
1} tH | rss] rr | 13h |] 4 8 {4%} 1 | 44 
Metric Pree THREADS 
Nominal Inside Inside Pipe {External Thread] Internal Thread | Number of 
Pipe Diameter Diameter in Diameter in Diameter in Threads 
in Inches Millimeters Millimeters Millimeters per Inch 
t _10 8.3 19 
4 6.35 13 11.3 19 
3 9-52 16.5 14.8 19 
3 12.70 20.5 18.2 14 
§ 15.87 23 20.7 14 
2 19.05 26.5 24.2 14 
I 25.40 33 30 II 
1} 31-75 42 39 Ir 
1} 38.10 48 45 II 
1} 44.45 52 49 II 
2 50.30 59-7 56.7 II 
2} 63.50 76 73 II 
3 76.20 89 86 II 
33 88.90 101.5 98.5 II 
4 Ior.60 114 RET. yee 
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THE PIPE JOINT IN THE BRIGGS SYSTEM 


Tue illustrations below and the tables on pages 43 and 44, repre- 
sent the relation of the reamer, tap, die and testing gages in the 
preparation of the Briggs pipe end and fitting preliminary to making 
up the joint. 


GEG 


Reamer 


Standard 
Ring Gage 


Z - 
Plug) 


for Testing Fitting 


Standard Ring Gage and 
Plug for Testing Fittings. 


Fic. 2.— Reamer, Tap, Die and Gages for Briggs Pipe Standard 


The illustrations to the left in Fig. 2 show the relative distances 
that the pipe reamer, tap, testing plug and pipe end are run into 
the fitting in making the joint; while at the right are shown the die 
and ring gage on the pipe end, and the relative diameters of the 
winiiatl ring gage and the testing plug for the fittings. 
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In pipe fitting the end of the pipe should always be cut to fit the 
Briggs standard pipe gage. The fitting should be tapped small 
n order to insure a tight joint. Theoretically the joint should be 
ight when the pipe end has been screwed into the fitting a dis- 
‘ance represented at Hf in the diagrams, Fig. 2 and following tables. 
dowever, to allow for errors the thread on the pipe is actually cut 
wo threads beyond H. Similarly the fitting should be tapped two 
hreads deeper than distance H. 

The following table used in conjunction with the illustrations 
n Fig. 2, contains information as to length and number of perfect 
and imperfect threads; distance and number of turns the pipe screws 
nto fitting by hand and with wrench, or the total length and num- 
oer of threads of joint; ring and plug gage data for testing tools; 
besides general pipe dimensions, drill and reamer sizes, etc. 


Briccs Pree Tureap TABLE (See page 46) 


Dia. of Pipe ae |e TLevieth 
, ia. at | Dia. at | Depth No. of 
Actual lphreads| End of | Bottom | of - | pec | Perfect 
Nominal] Actual perInch| Pipe | of Th’dj Thread Threads Threads 
Inside | Inside 
A B Cc D E H 
a 2 72) aos! 27 393” +334”| .029” LOPE Shs 
2” 3 64" 540! 18 B52 24 43. a 044" ay 5.22 
1 aah : at a ce i one. oe pa 
.62 oO : : : 
gu "B24" I a 2 age rice: ork bt ae 
1” | 1.048" 1.315”) 114 | 1.283”) 1.144”) 069” St oe 87 
t#” | 1.380%} 1.660” 114 | 1.626”) 1.488”) .060” Cae Onat 
1h” | 1.610] r.900"| 114. | 1.866”! 1.728”| .060” dal Well 8). 63 
2” | 2.067"| 2.375”) 114 | 2.339”| 2.201”) .069” 58” | 6.67 
ak! | 2.468") 2.875"|- 8 2.819”| 2.619”| .100” | .89” | 7.12 
3.067? 3 500" 8 3.441” 3.241" TOO RIES” N76 
34” 3-548” 4.000” 8 3.938”| 3.738”| .100” | 1.00” | 8.0 
s 40268 4 500") 8 4.434”"| 4 a34e 100” | 1.05” | 8.4 
44” 4.508 8 4.931”| 4.731”) .100” | r.10” | 8.8 
5.045”| 5.563"| 8 5-490”| 5.2907] .100” | 1.16” | 9.28 
6” | 6,065”| 6.625”| 8 6.546”| 6.346”| .100” | 1.26” | 10.08 
uf 023”| 7.625"| 8 7.540”| 7.340”| .100” | 1.36” | 10.88 
8 is 7.982") 8.625”, 8 8.534”| 8.334”| .100” | 1.46” | 11.68 
9 g.000"| 9.625”| 8 9-527”"| 9.327"| 100” | 1.57” | 12.56 
10 ” |10,019"/10.750") 8 |10.645”|10.445”| .100” | 1.68” | 13.44 


(Table Continued on Page 48) 
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GAGE SETS FOR BRIGGS PIPE AND FITTINGS 


THE gages manufactured by the Pratt & Whitney Company for 
‘makers and users of pipe and fittings include three distinct sets for 
each size of pipe, and these are illustrated in Fig. 3. Set No. 1 con- 
sists of a ring and’plug conforming in all dimensions to the Briggs 
standard, and is known as the standard reference set. The plug 
screws into the ring with faces flush — as indicated by the position 
of the two gages. The flat milled on the plug shows the depth to 
which the latter should enter the fitting to allow for screwing up with 
‘tongs to make a steam-tight joint; the ring, of course, screws on to 
‘the pipe flush with the end. 


=< Set No.1 


Set No, 2 
Working Allowance Gages, Inspection Allowance Gages, 


Fic. 3. — Briggs Pipe Thread Gages 


Set No. 2—the working allowance set — consists of the plug 
already described and a ring whose thickness is equal to the standard 
ring less the allowance for screwing up the joint. As the plug and 
ring threads are of the same diameter at the small end, the bottom 
surfaces come flush when the two members are screwed together. 
It will be noted that, as the plug enters the fitting only to the bottom 
of the flat at the side, and the ring screws on to the pipe only far 
enough to bring the outer face flush with the pipe end, there are a 
few threads on, or in, the work beyond the reach of the gages; hence 
with this type of gage a reasonable amount of wear may be permitted 
at the end of the tap or the mouth of the die without causing the 
rejection of the work. 

The plug and ring in set No. 3 are inspection allowance gages, 
the ring being the same in all particulars as the standard gage in 
set No. 1, while the plug is longer than Nos. 1 and 2 by an amount 
equal to the allowance for screwing up for a tight joint, this extra, 
length being represented by the cylindrical portion at the year of 
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the thread cone. When the gages are screwed together the back of 
the cylindrical section comes flush with the ring face and the threaded 
end of the plug projects through the ring, as indicated, a distance 
equal to the length of the cylinder, or the screwing-up allowance. 
This plug will enter a perfect fitting until the back of the threaded 
section is flush with the end of the fitting, thus testing the full depth 
of the tapped thread in the same way that the standard ring gage 
covers the thread on the pipe end, and at the same time showing 
that the fitting is tapped to right diameter to allow the joint to screw 


up properly. 
NATIONAL STANDARD HOSE COUPLING 
This standard for fire hose couplings was adopted by the Na- 


tional Fire Protection Association May 26, rgo5 and has since been 
approved and adopted by various other organizations. 


Fic. 4.— National Standard Hose Coupling 


DIMENSIONS OF NATIONAL STANDARD Hose CoupLincs 


A Inside Diameter of Hose Couplings. . . ah 3 3 4 

B Length of Blank End on Male Part. . . 4 

C  |Outside Diameter of Thread, Fin 3in 3 4 5 

D__|Diameter at Root of Thread... . 2.8715 | 3.3763 | 4.0013 | 5.3070 

E {Total in of Male End.. 1 1% 1} tf 
Number of Threads per inch 7 6 6 4 

F {Length of Female Thread... .... I 1 1} 

G Diameter of Top of Female Thread ..| 3.0925 } 3.6550 | 4.28 5.80 


_ .Note:—The above to be of the 60-deg. V-thread pattern with one-hundredth 
inch cut off the top of thread and one-hundredth inch left in the bottom of the 24-inch, 
3-inch, and 34-inch couplings, and two hundredths inch in like manner for the 4}- 
inch couplings, and with one-quarter inch blank end on male part of coupling m 
each case; female ends to be cut }-inch shorter for endwise clearance. They should 
also be bored out .03 inch larger in the 2}-inch, 3 and 3$-inch sizes, and .o5 inch 
key on the 44-inch size in order to make up easily and without jayming or 
icking. 


TWIST DRILLS 


Tue twist-drill is perhaps one of the most efficient tools in use as, 
although one half is cut away in the flutes, it has a very large cutting 
surface in proportion to its cross-sectional area. This is made possible 
‘by the fact that the work helps to support the drill and the feed 
pressure on the drill tends to force the point into a cone-shaped hole 
which centers it. 
In addition to the radial relief or backing-off behind the cutting 
‘edge, twist-drills have longitudinal clearance by decreasing the diam- 
eter from the point toward the shank, varying from .ooo025 to .oor§ 
per inch of length. This prevents binding and is essential in accurate 
drilling. 
To increase the strength the web is increased gradually in thickness 
from the point toward the shank by drawing the cutters apart. This 
-decreases chip room and to avoid this defect the spiral is increased in 
pitch and the flute widened to make up the chip room. 


FIG. I FIG, 2 FIG, 3 
Grooves of Twist Drills 


The shape of the groove affects the power and the shape of the 
chip and experiments by the Cleveland Twist-Drill Company are 
interesting. The groove in Fig. r does not give a good cutting edge, 
especially near the center, as it does not allow a full curl to the chip. 
Fig. 2 is a very free cutting-groove, the chips curl up to the full size 
of the groove and this reduces the power required to bend the chips. 
Fig. 3 is an even better form as it rolls a chip with each turn conical 
so that one lays inside the other and makes a much shorter chip 
from the same depth of hole. 

The angle of spirals varies from 18 to 35 degrees according to the 
ideas of the maker. In theory the finer the pitch or the greater the 
angle, the easier it should be to cut and curl the chip. But this 
gives a weak cutting edge and reduces the ability to carry off the 
heat, and it does not clear itself of chips so well. After a long series 
of tests the same firm adopted 274 degrees for the spiral. This 
angle makes the spiral groove of all drills start at the point with a 
pitch equal to six diameters of the blank, the increase in twist being 
a constant function of the angular movement of rotation of the drill 
blank. This angle is based on holes from one to three diameters 
deep. For deeper holes a smaller angle might be advisable and 
greater angle for holes of less depth. There is practically-no differ- 
ence in torsional stress with the angle between 25 and 3o degrees. 
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SHARPENING DRILLS 


Drills should be sharpened so as to cut the right size and with as 
little power as possible. To cut the right size both lips must be the 
same length and the same angle. A gage as shown in Fig. 4 will 
help both to get the angle and to grind them central. This gives the 
usual lip edge of 59 degrees. Fig. 5 shows how you can see if both 
lips are ground alike, but does not give the angle. Fig. 6 is a sug- 
gestion by Professor Sweet of relieving the drill back of the cutting 
edge, making it similar to a flat drill in this respect. 

For drilling brass or for any thin stock where the drill goes clear 
through, it is best to grind the cutting edge parallel with the axis of 


Grinding Twist Drills 


the drill. This does away with the tendency to draw into the work. 
Fig. 7 shows how this is done. 

It is sometimes necessary to thin the point of the drill to get best 
results. This requires care in grinding but can be done as shown 
in Fig. 8. 

The best all-around clearance angle is 12 degrees, though for 
softer metals 15 degrees can be used. The 12 degrees is the angle 
at the cutting edge, but this should increase back of the cutting edge 
so that the line across the web should be 45 degrees, with the cutting 
edges. This is important, as it not only saves power but prevents 
splitting in hard service. The point of the drill should look like 
Fig. 7 or Fig. 8. Fig. 9 shows the clearance angle and the right 
angles for the drill point. 


SPEEDS AND FEEDS 53 


SPEED OF DRILLS 


Learn to run drills at their proper speed to secure the most work 
with fewest grindings and breakages. The best practise is to use a 
speed that will give 30 feet a minute cutting speed for steel, 35 feet 
for cast iron and 60 feet for brass. This means that the cutting edge 
must run fast enough to make these speeds. For drilling steel with 
a j-inch drill this means 1834 revolutions a minute, while for brass 
it would be 3668 revolutions. The table gives the speeds without 
any figuring for all drills up to 3 inches. These speeds require 
plenty of lubricant. This is for carbon steel drills. 

These speeds can be exceeded in many cases even with carbon drills, 
and can be doubled with high speed drills, in fact from 75 to 150 feet 
is*not uncommon with 200 feet a possibility under good conditions. 
The feeds in the table below can also be doubled in many cases. 


TABLE OF DRILL FEEDS 


Inches of Feed per Minute at Cutting Speed of 


| 
= 30 Feet—Steel 35 Feet—Iron 60 Feet—Brass 
g 
A eee Feed .004-.007 ore BEEN Ni prion Ban Revolution 
zs | 1834 VaR 12.83] 2140 [8.56 |14.97| 3668 |14.66} 25.76 
% | 917 3.66 6.41; 1070 [4.28 | 7.49) 1834 | 7.33] 12.83 
zs | Orr 2.44 4.27| 713 |2.85 | 4.99] 1222 4.88} 8.58 
t | 458 1.83 3:20] 535 |2-14 | 3-74) 917 | 3.66] 6.44 
Feed .007 | .o15 -007 | O15 .007 | .O15 
te | 367 | 257. | 5-5 | 428 |3 6.42) 733 | 5-14] 11 
% | 306 2.14 450357 )2.5 5-35| Orr | 4.28] 9.2 
qs | 262 1.83 3-9 | 306 2.14 | 4.58] 524 | 3.66] 7.8 
$ 229 1.60 3-43] 268 |1.87 | 4. 459 | 3.20) 6.86 
8 184 1.28 2.75] 214 1.50 | 3.21] 367 2.57) 5-5 
3 153 1.07 2.3 | 178 |i.25 | 2.67! 306 | 2.141 4.6 
Ay DS -OI I.95| 153 |1.07 | 2.29] 262 | 1.88] 3.93 
I 115 80 I-71} 134 EOSn le 229 | 1.60] 3.43 
i$ | 102 oes I.53} 119 .83 | 1.79] 204 | 1.43] 3.06 
1} g1.8 64 1.37; 107 75 | 1.61) 183 1.28] 2.75 
1% 83.3 58 1.25] 97.2] .68 | 1.45] 167 Ek7| 2.52 
Ih 76.3 53 1.15] 89.2] .62 | 1.38] 153 1.07| 2.3 
18 70.5 -49 TOF" O22 1.57) | ceased rT -99Q| 2.11 
12 65.5 45 Ov) any Od lessor lem-L5)") Oe -94| 1.96 
if 61.1 42 £O2|- 1-718) |e GOml T.O7 1) x22 85) 1.83 
2 57-3 -40 .85| 66.9} .46 | 1. II5 80] 1.73 
2} 51 36 Tile SO ead 89] 102 By fd ta oe) 
2k 45.8 32 208) 5395 |) ey 80] 91.7] .64) 1.37 
at 41.7 29 -62| 48.6] .34 7al LOs-d [mene at 
3 38.2 27 -57| 44-6] .3r OF” 76.44 eee gg\e ers 
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FEED oF DRILLS 


The feed of drills is usually given in parts of an inch per revolution, 
0.004 to 0.007 inch for drills of { inch and smaller and 0.007 to 0.015 
inch for larger drills being recommended. This has been worked 
out into the table for the standard speeds to show inches of feed per 
minute for the three speeds given, which is more convenient. This 
is not an iron-clad rule but should be used with judgment. For 
high-speed steel these figures can be just about doubled. 


Data FoR Dritiinc Cast Tron at FEED or 1” PER Min. 


H.P. for H.P. for 
Size of | Feed per| Thrustin| 1 Inch || Size of | Feed per | Thrust in| 1 Inch 
Drill Rey. Lbs. | Feed per |} Drill Rev. Lbs. | Feed per 
Min. in. 
I 02 1300 .0035 .06 8000 | .02 
04 2600 | .0063 2h 02 3200 | .008 
06 3900 | .oro 04 6500 | .o16 
1} .02 2000 | .005 .06 9700 | .024 
04 3900 | .or0 3 .02 3750 | .009 
.06 5800 .O15 04 7700 | .o19 
2 02 2500 | .006 .06 II500 | .029 
04 5300 | .o13 


For carbon steel the values run from 1} to 3 times these for cast 
iron, increasing with the feed per revolution. 

One inch flat twisted drills have been run from 313 to 575 r. p. m., 
with feeds of 11.27 and 28.1 inches per minute and required from 5.22 
to 11.60 actual horse power. 


Torque ReQuIRED TO Dritt Cast Iron 


- | Pounds . Pounds 
Diam. of acs Torque | H.P. per || Diam of a lag Torque md per 

Drill per Rev. oe an Rev. Drill per Rev. . as ev. 

I 02 50 .009 .06 390 .072 
04 80 .O14 2h .02 200 .038 

.06 120 .023 .04 400 .076 

1} 02 75 .O14 .06 600 114 
04 150 .028 3 02 280 053 

.06 225 .042 .04 575 -109 

2 02 125 023 .06 870 -167 


104 255 .048 
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DRILL TROUBLES 


Twist-drills will stand more strain in proportion to their size and 
weight than almost any other tool, and when a good drill gives trouble 
it is pretty safe to say some of the conditions are wrong. 

If it chips on the edge, the lip clearance is too great and fails to 
support the cutting edge or the feed is too heavy. Ease off on the 
feed first and then watch the grinding. 

If it splits in the web it is either ground wrong, 7.e., does not have 
pe center lip at the angle of 45 degrees or the feed is altogether too 

eavy. 

If the outer corner wears, it shows that the speed is too great. 
This is particularly noticeable on cast iron. 


Dritit POINTERS 


In most cases it is better to use high speeds almost to the point 
where the drill corners commence to wear with a light feed than to 
use slower speed and heavy feed. 

This is specially true of drilling in automatic machines where the 
holes are not more than twice as deep as the diameter where drills 
are flooded with lard oil. With deeper holes the chips are harder to 
get rid of and it is better to use slower, speeds and heavier feeds as 
the drilled hole gets deeper. 

Watch the drill chip and try to grind so that it will come out in a 
small compact roll. It is better to have this continuous clear to 
bottom of hole if possible. 

In drilling brass use a heavier feed especially on automatic ma- 
chines, as it helps to work out the chips. If you lubricate at all, 
flood the work. Twist-drills ground as for steel often catch and 
“hog in” on brass, especially at the bottom of the hole, where it 
breaks through. To avoid this, grind the lead or rake from the 
cutting edge. 

In drilling hard material use turpentine asa lubricant. 

Drills feed easier by thinning the extreme point if this is carefully 
done. This is important in hand feeding. 


SpectaL Dritts AND THEIR USES 


Ratchet-drills have a square taper shank, are used in hand-ratchet 
braces and in air-driven drills. Used in bridge building, structural 
and repair work. 

The shell drill, Fig. 10, is used after a two-groove drill in chucking 
out cored holes or for enlarging holes that have been made with a 
two-groove drill. It has a taper hole and a number of sizes can be 
used on the same arbor. 
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Wire drills and jobbers or machinists drills both have round shanks 
and only differ in size. Wire drills are made to a twist-drill gage and 
the others to a jobbers or fractional gage. 

Blacksmith drills all have a $-inch shank 2} inches long, so as to 
all fit the same holder. There is a flat on the shank for set-screw. 

The straightway or Farmers drill has the same clearance as a 
twist-drill but the flutes are straight. It is used mostly in drilling 
brass and soft metals or in drilling cross holes or castings where blow 
holes may be found, as it is less likely to run than the twist-drill. 

Oil drills have the advantage of the cutting edge being kept cool 
and of the chips being forced back through the grooves which reduces 
friction to a minimum. They are used for all kinds of drilling, 
mostly deep hole work, In cast-iron drilling air is sometimes used 
to blow out the chips and keep the drill cool. They are generally 
used in a screw or chucking machine or a lathe fitted for this work. 
Where the drill is held stationary and the work revolves, the oil 
is pumped to the connection and flows through the holes in the drill 
as in Fig. rr. 

Where the drill revolves 


as in a drill press, the oil 
is pumped into a collar 
which remains stationary 


while the drill socket re- 
volves, as in Fig, 12. An 
oil groove around the 


socket and holes through 
to the drill connects with 
the ules “ik (ae dell ee 
self. Other types are 


shown in Figs. 13 and 14. Fic. 10. — Shell Drill 

The latter is used mostly 

in screw or chucking machine turrets where the oil is pumped into 
the center of the turret and into the large hole in the shank of the drill. 

The hollow drill shown in Fig. 15 is used for deep drilling or long 
holes and is used in a lathe or some similar machine fitted for the 
purpose. It has a hole lengthwise through the shank connecting 
with the grooves of the drill. The shank can be threaded and fitted 
to a metal tube of such length as desired. ‘The outside of the drill 
has a groove the whole length of the body. The lubricant is con- 
veyed to the point of the drill on the outside through these grooves, 
while the hollow tube admits of the passage of oil and chips from 
the point. In using this drill the hole is first started with a short 
drill the size of the hole desired and drilled to a depth equal to the 
length of the body of the hollow drill to be used. The body of the 
hollow drill acts as a packing, compelling the oil to follow the grooves 
and the chips to flow out through the hollow shank. 

Three and four groove drills are used for chucking out cored holes 
or enlarged holes that are first drilled with a two-groove drill. ‘They 
are much better than a two-groove drill for use in cored holes or to 
follow another drill. The ends of the drills, Fig. 16 and 17, indicate 
that they are not made to drill from solid stock but for enlarging a 
hole already made. 


TYPES OF DRILLS 
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The following tables give standard drill sizes in various ways, each 
being very convenient for certain classes of work: ; 


DEcIMAL EQUIVALENTS OF NOMINAL SIZES or DritLs 


Oi) aa yee Gibaece 
5| 25 8| 23 || #8 
g/2/8!] t¢ lala Sao Pea ey) og 
Eisie| &° |2/s/2) g* |eigiZ) 28 
Bo} .0135 1.2 -047244 37| -104 
79| .o145 1.3 -O51181 2.7 -1063 
er 015625 55] .052 d 36} .1065 
“4 +01574 54} -°55 crs +109375 
78| .o16 1.4 -055118 Sa, 50x 
77| .or8 Ths +05905 2.8 -I11024 
5 01968 53| +0595 34-111 
76] .020 ys +0625 Sew leer wes 
75| .02I 1.6 -06299 2.9 -II417 
74] .0225 52] .0635 32| .116 
6 -02362 1.7 -066929 3 -11811 
73) .024 51] .067 31) «02 
72| .025 50} .07 3.1 +12205 
71| .026 1.8 .070866 || $ E25 
ay .02756 49| .073 3-2 -12598 
70} .028 1.9 .0748 30] .1285 
69] .02925 48] .076 3.3 12992 
68| .031 ve .078125 3-4 13386 
aa 03125 47| -0785 29] .136 
8 031496 2 -07874 3-5 1378 
67] .032 46| .081 28| .1405 
66] .033 45| .082 et 140625 
65| .035 2.1 -082677 3.6 14173 
9 03543 44} 086 27} -144 
64] .036 2.2 -086614 3-7 145607 
63| .037 43| -089 26) .147 
62} .038 2.3 -09055 25] .1495 
61} .039 42] .09035 3-8 14961 
I 03937 || 37 -09375 24| .152 
60} .04 2.4 09448 3-9 -15354 
59} .o4r 41{ .096 23| .154 
58| .o42 40} .098 yr 15625 
57| -043 2-5 -098425 22) .157 
II +043307 39| +0995 4 -15748 
56] .o465 38] 1015, 21} .159 


vr 046875 2.6 102362 20| .161 
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DECIMAL EQUIVALENTS OF NOMINAL SIzES OF DRILLS, Continued 


2 ag § ag 8 a4 
Sal esceis ‘ails Bel ‘lead 
ai/=|8| 84 |3)/4a/8) 88 |e] 12] 34 
Al/ale] aA 4) ala Sa a] a fal aa 
4.1 -16142 A | .234 323 
4.2 16536 || 42 -234375 || #4 328125 
19| .166 6 +23022 Q)) 332 
4.3 .16929 B} .238 8.5 33465 
18| .1695 6.1 -24015 8.6 +33859 
44 -171875 GiiP.242 R |} .339 
7 | ey 6.2 2441 ah 34375 
4.4 17323 D| .246 8.8 -34640 
TOI) 077, 6.3 24803 S | .348 
4.5 17717 || 3 E) .25 9 35433 
I5| 18 6.4 -25107 Take 
4.6 1811 6.5 -25591 || 2 -359375 
14| .182 E257 9.2 .360221 
Tei} los 6.6 -25984. U | .368 
4:7 18504 -201 a tees +37402 
Ys -1875 _ |6-7 -26377 || $ 375 
4.8 18898 || 2: -205625 Vioas77 
12] .189 H | .266 9.6 37796 
Ir} .19r 6.8 -20772 9.8 38583 
4.9 19201 6.9 -27105 ‘ W | .386 
10| .1935 Ey 272 25 390625 
9| -196 7 -27559 10 3937 
5 19685 J | .277 X | .397 
8| .199 rica -27952 Y | .404 
5.1 20079 KK] .281 18 40625 
7| .201 63 2812 Zi lesa 
4h 203125 4.2 -28347 10.5 -4134 
6| .204 7-3 2874 || 84 421875 
5.2 20473 L| .29 ice 43307 
5 | -2055 7-4 29133 ||T 4375 
5:3 -20866 * 1M} .295 11.5 -45276 
4 | -209 7-5 -29528 || 33 453125 
5-4 -2126 133 -290875, || 53 46875 
Sil eae 7.6 -29922 12 47244 
5-5 -21054 N]| .302 et 484375 
35 .21875 7.7 30314 12.5 -4921 
5-6 -22047 7.8 «30709 3 3 
2 | .22t 7.9 «31102 
5-7 22441 lI 5 -3125 
I | .228 8. -31496 
5-8 -22835 O} .316 
5-9 -23228 8.2 .32284 
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DECIMAL EQUIVALENTS OF NOMINAL S1zES OF DrRILLs, Continued 


SE Ge S. 
ies} a0 
a8 i ae FE 
a| 2 ga fig] a] 84 |a| 4 oq 
A) 2 fa) 4 a A 4 a a 
13 .5118r || 4 -671875 || $4 84375 
ag «515625 || 44 6875 21.5 | .84646 
4 .53125 |] ° 17.5 | .689 a 859375 
13.5) || 5305 4} -703125 22 -86614 
ay -546875 18 -70866 i 875 
14 55118 #3 71875 22.5 | .885383 
a's 5625 18.5 | .72835 gi -890625 
14.5 | .57087 || #4 -734375 23 -9O551 
84 578125 19 | .74803 || $4 -90625 
15 59055 i -75 84 -921875 
H 59375 || ét «705625 23.5 | -9252 
t .609375 19.5 | .76772 || +8 -9375 
15.5 61024 B «78125 24 .94488 
§ 625 20 | .7874 $4 953125 
16 62992 $} -790875 24.5 | .9646 
ah 640625 20.5 | .8071 $3 .96875 
16.5 6496 #3 8125 25 98425 
$2 65625 21 82677 || 84 .984375 
17 66929 at 828125 rE 
LETTER SIZES OF DRILLS 
Diameter Decimals Diameter Decimals 
Inches of 1 Inch Inches of x Inch 
A i N +302 
B O 5 316 
Cc P # 323 
D Q +332 
Ej RH +339 
F ss it 348 
G +358 
H U «368 
I Vi +377 
J W #3 386 
K 35 x 397 
L Y -404 
M 34 Z -413 
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DECIMAL EQUIVALENTS OF DRILL SIZES FROM 3” TO No. 80 


Size 


ten H Pe OO Fy ask a pte Set Zioln © HSNO PSE G2 RE Cats <t SKS bd ets NSE ats oe op 


Equvaient || S| equivalent || Se | gouivalent 
0.500 3 0.213 a gs 0.0937 
0.4843 4 0.209 42 0.0935 
0.4687 5 0.2055 43 0.089 
0.4531 6 0.204 44 0.086 
0.4375 tt 0.2031 45 0.082 
0.4218 7 0.201 46 0.081 
0.413 8 0.199 47 0.0785 
0.4062 9 0.196 SE 0.0781 
0.404 Io 0.1935 48 0.076 
0.397 II 0.191 49 0.073 
0.3906 I2 0.189 50 0.070 
0.386 os 0.1875 51 0.067 
0.377 13 0.185 52 0.0635 
0.375 14 0.182 ps 0.0625 
0.368 15 0.180 53 0.0595 
0.3593 16 0.177 54 0.055 
0.358 17 0.173 55 0.052 
0.348 44 0.1718 Sr 0.0468 
0.3437 18° 0.1695 56 0.0465 
0.339 19 0.166 57 0.043 
0.332 20 0.161 58 0.042 
0.3281 21 0.159 59 0.041 
0.323 22 0.157 60 0.040 
0.316 e5 0.1562 61 0.039 
0.3125 23 0.154 62 0.038 
0.302 24 0.152 63 0.037 
0.2968 25 0.1495 64 0.036 
0.295 26 0.147 65 0.035 
0.290 27 0.144 66 0.033 
0.2812 er 0.1406 ay 0.0312 
0.281 28 0.1405 67 9.032 
0.277 29 0.136 68 0.031 
0.272 30 0.1285 69 0.029 
0.266 $ 0.125 70 0.028 
0.2656 31 0.120 71 0.026 
0.261 32 0.116 72 0.025 
0.257 33 0.113 We 0.024 

4 0.250 34 O.IIE 74 0.0225 
0.246 au O.1LO 75 0.021 
0.242 a 0.1093 76 0.020 
0.238 36 0.1065 77 0.018 
0.2343 37 0.104 re 0.0156 
0.234 38 0.1015 78 0.016 
0.228 39 0.0995 79 0.0145 
0.22 4° 0.098 80 0.0135 
0.2187 41 0.096 ‘ 
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TAP DRILL SIZES FOR REGULAR THREADS 


THESE sizes give,an allowance above the bottom of thread on 
sizes 385 to 2; varying respectively as follows: for ““V” threads, 
oro to .o55 inch; for U.S. S. and Whitworth threads, .o05 to .027 
inch, These are found by adding to the size at bottom of thread, } 
of the pitch for ‘“‘V” threads, and § of the pitch for U. S. S. and Whit- 
worth, the pitch being equal to 1 inch divided by the number of threads 
per inch. In practice it is better to use a larger drill if the exact size 
called for cannot be had. 


wy Size of Drill wa Size of Drills 
° ‘ oy 
Size | 58 4| Size | 5 8 
aI aA 
Tap 4 luss.} v wo 1 4eluss.} v Ww 
Ys 24 138 It -129 #319 .808 -790 -810 
t 20 .IQt 184 -192 I 8 854 .832 -856 
rn 18 -248 -239 -249 Try 8 -O17 .804 -919 
3 16 -302 -293 -303 1} 7 +957 -932 -960 
ve | 34 354 “345 “355 1t 7 1.082 1.057 1.085 
4 13 -409 -399 «410 1} 6 1.179 1.144 1.182 
$ 12 4o2 301 403 1} 6 1.304 1.269 1.307 
Ys 12 465 453 466 1} 53 1.412 1.372 1.416 
t IL 518 -506 ~520 1% 5 1.390 1.347 1.394 
dh Ir «581 -568 «583 1} 5 1.515 1.472 1.519 
3 10 632 -618 634 I 5 1.640 1.597 1.644 
a 10 -695 .680 -607 I 44 1.614 1.506 1.619 
t 9 “745 -728 747 2 4 1.739 1.691 1.744 


A very simple rule, which is good enough in many cases, is: 

Subtract the pitch of one thread from the diameter of the tap. 

A }-inch tap 16-thread would be } minus +4 = 3; drill; a ?-inch 
tap, ten-thread, would be } minus 75 = y's — yoy OF 0.75 — 0.10 = 
zso Or 0.65, or a little over § of an inch, so a ~-inch drill will do 
nicely. With a 1-inch tap we have 1 — $ = }-inch drill, which is a 
little large but leaves enough thread for most cases. 


* Tap Dritts For A. L. A. M. THReaps 


Size of Threads | Size of Drill, Size of Threads — | Size of Drill, 
Tap per Inch Tap per Inch Inches 


t 28 4 16 3 
vs 24 ag i 14 i 
i 24 3 I 14 # 
Ye 20 it 12 Id& 
ry 20 ry I 12 1d 
ry 18 I 12 1h 
H 18 3 I 12 13 
Hh 16 a 


The tap should be between 0.002 and 0.003 inch large for clearance 
between top and bottom of threads. 
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For Machine Screw Taps 
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TueEss drills will give a thread full enough for all practical purposes, 
but not a full thread as this is very seldom required in practical work, 
Further data along this line will be found in the tables which follow, 


Tar Dritis 
Sizes of No. of Sizes of Sizes of No. of Sizes of 
Taps ‘Threads Drills Taps Threads Drills 
2 48 48 12 24 19 
2 56 46 rg zo 17 
2 64 45 13 24 15 
3 40 48 14 20 14 
3 48 47 14 22 13 
3 56 45 14 24 II 
4 32 45 15 18 I2 
4 36 43 15 20 Io 
4 40 42 15 24 7 
5 30 41 16 16 10 
5 32 40 16 18 7 
5 36 38 16 20 Soe 
5 40 36 16 24 I 
6 30 39 17 16 7 
6 32 37 17 18 4 
6 36 35 17 20 2 
6 40 3a 18 16 2 
7 28 32 18 18 I 
7 30 31 18 20 B 
7 32 30 19 16 Cc 
8 24 31 19 18 D 
8 30 30 19 20 E 
8 32 29 20 16 E 
9 24 29 20 18 E 
9 28 27 20 20 EF 
9 30 26 22 16 H 
9 32 24 22 18 I 
Io 24 26 24 14 K 
Io 28 24 24 16 L 
Io 30 23 24 18 M 
Io 32 21 26 14 O 
II 24 20 26 16 P 
II 28 19 28 14 R 
II 30 18 28 16 iS) 
12 20 2I 30 14 ails 
12 22 19 30 16 Us 
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DIMENSIONS FOR Twist DRILLS 


FOR BORING HOLES TO BE THREADED WITH U.S. FORM OF THREAD 
TAPS 7); to $f INCH DIAMETER 


Novos Exact Exact 


iam- - ©. | Diameter] Gage iam- | -No- 0} i 
re ike Bottom of Norse is aka Bee: aol Nat 
Inches Tach Thread Drill || Inches Tn ao Thread Drill 
Inches Inches 

ts 60 -O41 57 4 26 «200 6 
ts 64 042 56 er 56 055 53 
32 48 .067 5° ex 60 .056 53 
fr 5° 068 50 4 40 077 40 
32 56 O71 49 SE 44 .080 45 
er 60 .072 48 aa 48 .082 44 
t 40 093 41 rig 32 «100 38 
$ 44 -096 40 Ur 36 +105 36 
3 48 -098 39 er 40 -108 34 
ez 32 116 31 44 32 131 29 
sr 36 120 31 44 36 -136 28 
az 40 124 30 at 40 +139 28 
24 -133 29 at 24 -149 24 
} 28 141 27 ay 28 «157 21 
5 30 144 26 44 32 -162 19 
te 32 147 25 tt 36 167 18 
ts ° 36 152 23 4} 24 -180 13 
yz 24 164 19 42 28 188 be) 
aa 28 172 16 ae 32 +194 8 
3a 32 178 14 4% 36 -198 7 
ya 36 183 12 ay 18 -193 9 
4 18 178 14 ag 20 -201 5 
t 20 185 12 24 211 3 
4 22 190 10 rf 26 -216 2 
4 24 196 8 4 32 +225 I 


DRILLS AND REAMERS FOR DOWEL PrNs 


Sizes or Rop- _|Dritts AND REAMERS FOR DRIVE Fits|Dritts For CLEARANCE 


No. of Gage). Size of Dia. of Dia. of Size of Dia. of 
SebeySee DN ag Delt Drill Reamer Drill Drill 
54 055) No. 55 052 No. 54 055 
45 081 ae 0785 rs 46 081 
33 «112 30 «1065 +110 a 8e 113 
30 127 ie ae +120 125 Ae .1285 
21 157 “24 -1§2 155 nae 157 
10 <191 Me 185 189 Ir +191 
1252 c .242 -250 —.2505 F 257 
315 fs ae +307 «3125-313 Oo 316 
Vv 377 * -366 +375 — 3755 v 377 
-439| Yo Fa +427 4375-438 
+503 -489 +500 —.5005 
.628 + .616 .625 —.6255 
-753 7 +734 (41)| .750 —.7505 


TAP DRILLS 65 


Dovusie DEPTH or THREADS 


Vv U.S. | Whit. Vv U.S. | Whit. 
Threads | phreads| St’d Std || Threads |Threads| S’d | sea 
Pete DD DD DD SESS DD DD DD 


o -86650 | .64950 | .64000 28 .06185 | .04639 04571 
2 | «77022 | .57733 | 56888 || 30 | .05773 | .04330 | .04266 
2$ | .72960 | .54694 | .53894 || 32 | -05412 | .04059 | .04000 
24 | .69320 | .51960 | .51200 34 -05097 | -03820 | .03764 
2% | 66015 | .49485 | .48761 36 04811 | .03608 | .03555 
2} | .63019 | .47236 | .46545 38 04500 | .03418 | 03368 
2$ | .60278 | .45182 | .44521 4o -04330 | -03247 | .03200 
3 57733 | -43300 | .42666 42 04126 | .03093 | .03047 
3% | .53323 | -39966 | 39384] 44 | .03936 | .02952 | .03136 
3% | -49485 | 37114 | 36571 || 46 | .03767 | .02823 | .o2782 
4 -43300 | .32475 | .32000 48 -03608 | .027006 | .02666 
43 | .38488 | .28869 | .28444 5° -03464 | .02598 | .02560 
5 .34660 | .25980 | .25600 52 -03332 | .02498 | .o246r 
54 | .31490 | .23618 | .23272 54 +03 209 | .02405 | .02370 
6 .28866 | .21650 | .21333 56 -03093 | -02319 | .02285 
7 -24742 | .18557 | .18285 58 -02987 | .02239 | .02206 
8 -21650 | .16237 | .16000 60 -02887 | .02165 | .02133 - 
9 
Io 
II 


19244 | .14433 | .14222 62 .02795 | .02095 | .02064 

+17320 | .12990 | .12800 64 -02706 | .02029 | .o2000 

-15745 | .11809 | .11636 66 -02625 | .o1968 | .01939 
11} | .1g5069 | .rr295 | .rrr21 68 -02548 | .o1gI0 | .o1882 
12 -14433 | .10825 | .10666 70 -02475 | .o1855 | .or828 
13 -13323 | .09992 | .09846 72 -02407 | .01804 | .o1782 
14 -12357 | .09278 | .o9142 74 -02341 | .01752 | .o1729 
15 +1555 | .08660 | .08533 76 .02280 | .o1714 | .01673 
16 -10825 | .o8r18 | .o8000 78 02221 | .01665 | .o164r 
18 -09622 | .07216 | .o7111 80 -02166 | .01623 | .or600 
20 -08660 | .06495 | .o6400 82 -02113 | .or5§84 | .o1560 
22 -07872 | .05904 | .05818 84 -02063 | .01546 | .01523 
24 07216 | .05412 | .05333 86 -O2015 | .o1510 | .o1476 
26 -0661 | .04996 | .04923 88 01957 | .01476 | .o1454 
27 -06418 | .o4811 | .04740 go 01925 | .01443 | .o1422 


This gives the depth to allow for a full thread in a nut or similar 
piece of work for threads for 2 to go per inch, regardless of the diam- 
eter. A special nut for a 2-inch bolt, 20 threads per inch, U. S, 
Standard would have a hole 2. — .06495 = 1.93505 inches in diam- 
eter bored in it. 
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Sizes or Tap Dritts ror Tars with “ V” THREAD 


| 


ee) 8 (8. se) Bole Wee] Roe Se he be 
ag 3 OAV eral a (=) ae n Ag ag ¥ Ag 
at] eo [Sb 2) eo] 3 [et | se] ss] oS | ge | oe 
s8|24| 92 || 38 ia 8 Be | fa | e4| Fe | £5 RE 
=) i 2) a & a a H 7) a & 7) 
gz | 48 | 50 |] 34 24 |No. 20] 4$ | 12 | $4 irs] 7 | 19t 
gz | 52 | 5°]] xe | 28 ae Yi 14 | § ites] 8 | reir 
gz | 54 | 49 || se | 30 |No.r6] & | ro] 4414 | 7 | ree 
sr | 56 | 49 " 32 |No.rs]] & | 11 | & Wass | 7 | 18% 
af 60 | 48 | 24 |No.r6] § | 12 | $8 lire] 7 | ree 
ta | 32] 50 et 28 |No. 12 it 10 i 144] 7 | 13% 
sz | 36]! 49 || @& | 32 |No.10] #4} 11 j reap it 
wz | 49] 47) 4 | x8 |No.17 it 12 | $$) 143] © | ras 
ga | 48 | 44 4 20 |No. 14] 3 1m | ye || tye | 6 | 14% 
sa | 56] 43 4 24 |No. gf i 12} 82 |i 138] 6 | 19% 
4 32 | 44 |] ge | 16 |No.x0] 2 II i 14 6 | x14 
t 36 | 43 |] sy | 18 [A$ in} 34 | 12 2 rse) 6 | 133 
4 40 | 42 || x | 20 |No. 3i| ¢ 10 | 2 |i rye | 6 | rat 
4 42 | 4x || ae | 16 |No. x| 2 | 1x |] & | rh$| 6 | ree 
£) 8] 9] elo ein] Boe rf | 5 | rat 
sx | 30] 4 || $3 | 26] F | #8] ro | gh x8 | 5h | rae 
« | 32 | 40]/ $4 | 18 (AF im) $3] rx | Hh rah] 5 | ree 
Se SO sy ee ag PT 44) 12.) 4 ail 54 | 1% 
ez | 49 | 34] # | 16] L |] qe | ro} af xt 5 | 14 
gz | 3° | 33 || # | x8 [ag inj! $$] ro | 42 | xde] 54 | 18d 
gx | 32] 32) $8] 14] N | € |] 9} Bis] 5 | 28k 
yx | 36 | 31 i? 16 2 & | ro | #2 |} 148 | 54 | 192 
az | 4° | 30]| a8 | 18 |4} in, {i Oe ee 1S, ree 
Ht 32 | 30] ye | 14] R { 9 i fi 5 | 14 
gz | 36 | 20] ye | 16] S |g 9) 8 rth) 5 | 18h 
4 | do | 28 Hs] | 8 RHE § Pe 
fs | 24 | 29 P50 Fe Wie tate | ee re | 4h | 1h 
ys | 28 | 28 |) 4 r2 Ag in| 1 8 if 5 | 1% 
fel SOnitay Tie era te Xe he 8 | 4 at 4b | 1% 
te | 32] 26 || 4 | x4 [4% intr 7 Hi #2] 5 | 183 
i 36 | 24] 4% | x2 Hi in.|| 14 8 | $4 rte] 44 tt 
E | 24] 26] $8 | x3 [ab ints | 7 | ab date] 5 [xf 
i < 22 a3 14 g in, Iga z 4 i a i 
2] 20 || ps | 12 |#% ini I I 
Hh) 35) Se] | aa Ab ance | ARENA Sy 1a 


This table gives similar information but in a way that would be 
more convenient in some cases. 
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TAPPING AND THREADING SPEEDS 
For tapping in cast iron, the F. E. Wells & Son Company, Green- 
field, Mass., recommends the following speeds: 
4 3 4 3 = inch holes 
382 255 1gt 153 1247 


using an oil or soda compound. 
For soft steel and iron: 


t 3 ; 3 + inch holes 
220 153 115 gt 76 


using oil as a lubricant. 

The National Machine Company, Hartford, Conn., uses 233 revo- 
lutions per minute up to } inch diameter and 140 revolutions per 
minute for sizes between } and 3 inch, using a screw-cutting oil as 
a lubricant. : 

They tap holes as deep as four tap diameters by power. 

For threading cast iron in machines of the bolt-cutter type, the 
Landis Machine Company, Waynesboro, Penn., gives these speeds: 


rs 3 2 i I 13 2 inches 
200 150 125 100 85 55 45 


with petroleum as a lubricant. 
For soft steel and iron: 


z 3 z ” I 14 2 inches 
280 220 175 140 IIS 45 6 


with compound or screw-cutting oil, using a 23-inch belt at 1200 feet 
per minute. The speeds are for high-speed steel dies. Some users 
run the machines at a much higher rate. 


THREADING PIPE 


The Bignall & Keeler Manufacturing Company, Edwardsville, 
Ill., aims to have its pipe-threading machines run at a cutting speed 
of rs feet per minute. The machine for handling pipe from } to 2 
inches uses a 33-inch belt at about 940 feet per minute. They advise 
nothing but lard oil on the dies. 

The Standard Engineering Company, Ellwood City, Penn., also 
recommends a cutting speed of 15 feet per minute, using a 3-inch 


_ belt at 730 feet per minute. 


It will be understood in all the cases cited that the figures given 


' are merely a guide as to what can be done and not record perform- 


ances in any particular. Soft stock can be run very fast, and hard, 
gritty stock is very hard on the dies. 
The only general rule, in the case of dies, is to run as fast as possible 


_ without undue heating of the dies. 


68 TWIST DRILLS 


DRILL END LENGTHS 


Tr is often necessary in designing brass castings to allow for drilling 
to a certain depth so as to give the thickness of metal A necessary 
~at the bottom of the hole to withstand pressure. 
The table gives the dimension C for usual sizes of drills. This 
is deducted from B to give the actual thickness of metal at A. 


Dritt ENp LENGTHS 


C in ||Gage C in ||Gage C in 
Dia. Cc near4| No. } Dia. Cc near+|No. | Dia. Cc near- 
est oy est oy est i 
2 0.60086 | 3% 1 | 0.2280 | 0.06850 | a 41 | 0.0960 | 0.02884 | gu 
18 | 0.58208 | 3F 2 | 0.2210 | 0.06640} 4% || 42 | 0.0035 | 0.02809 | atx 
I 0.56331 | 1w 3 | 0.2130 | 0.06400 | ry 43 | 0.0890 | 0.02674 | as 
1th | 0.54453 | 2 4 | 0.2090 | 0.06279 | ru || 44 | 0.0860 | 0.02584 | as 
1? |0.52576] 3% 5 | 0.2055 | 0.06174] Ya 45 | 0.0820 | 0.02464 | vz 
Ith | 0.50698 4 6 | 0.2040 | 0.06129 | ya 46 | 0.0810 | 0.02433 ¢ 
1% | 0.48820} 34 7 | 0.2010 | 0.06039 | ry || 47 | 0.0785 | 0.02358 5 
Izy | 0.46942 | 48 8 | 0.1990 | 0.05979 | xs 48 | 0.0760 | 0.02283 | sx 
14 | 0.45065 | ai 9g | 0.1960 | 9.05888 ‘1 49 | 0.0730 | 0.02193 
Izvx | 0.43187 | Ya Io | 0.1935 | 0.05813 L, || 50 | 0.0700 | 0.02103 | ay 
I¢ | 0.41309] 43 Ir | 0.1910 | 0.05738 | rw 5x | 0.0670 | 0.02013 | ge 
Iz; | 0.30431 | #4 12 | 0.1890 | 0.05678 a 52 | 0.0635 | 0.01908 | ay 
1 |037554| @ || 13 | 0.1850 | 0.05558 | xs || 53 | 0-0595 | 0.01788 | dy 
Iyy | 0.35676] 23 14 | 0.1820 | 0.05468 | yy 54 | 0.0550 | 0.01652] wy 
Ik | 0.337908] 44 15 | 0.1800 | 0.05408 | yy 55 | 0.0520 | 0.01562 
Ips | 0.31931 | re 16 | 0.1770 | 0.05318 | yy 56 | 0.0465 | 0.013907 | ak 
I 0.30046 | 4% |i] 17 | 0.1730 | 0.05107 | va 57 | 0.0430 | 0.01292 | a 
3} | 0.29104 | 4% 18 | 0.1695 | 0.050902 | ak 58 | 0.0420 | 0.01262 | a%& 
8 | 0.28165 | gs 19 | 0.1660 | 0.04087 | ak 59 | 0.0410 | 0.01232 | ac 
43 | 0.27226] gs 20 | 0.1610 | 0.04837 | a || 60 | 0.0400 | 0.01202 A 
¥ | 0.26288 | 4% 21 | 0.1590 | 0.04777 | #& 61 | 0.0390 | 0.01172 hy 
4% | 0.253490 } 22 | 0.1570 | 0.04717 | #& 62 | 0.0380 | 0.01142 * 
38 | 0.24410 23 | 0.1540 | 0.04627 | ay 63 | 0.0370 | O.01112 | ey 
48 | 0.23471 |] AS 24 | 0.1520 | 0.04567 | a% 64 | 0.0360 | 0.01082 Ls 
+ | 0.22532] xz 25 | 0.1495 | 0.04401 | ak 6 0.0350 | 0.01052 i 
93 | 0.21593 | ss 26 | 0.1470 | 0.04416] @y 66 | 0.0330 | 0.00991 hy 
4k | 0.20655] al 27 | 0.1440 | 0.04326] 67 | 0.0320 | 0.00961 
4k | 0.19716] 4g 28 | 0.1405 | 0.04221 | ay 68 | 0.0310 | 0.00931 | && 
$ |0.18777| va 29 | 0.1360 | 0.04086] 4\ 69 | 0.0293 | 0.00879 | 
43 | 0.17838 | 44 30 | 0.1285 | 0.03861 | ay 7O | 0.0280 | 0.00841 
yx | 0.16900 | 44 || 31 | 0.1200 | 0.03605 | ay 71 | 0.0260 | 0.00781 | ay 
4% | 0.15960] oe 32 | 0.1160 | 0.03485 | Ys 72 | 0.0250 | 0.00751 | ¢y 
4 |o.15022] #4 || 33 | 0.1130 | 0.03395 | atx || 73 | 0.0240] 0.00721 | ex 
4% | 0.14083 | & || 34 | 0.1110 | 0.03335 | ws 74 | 0.0225 | 0.00676 | i& 
Ya | 0.13144 } 35 | 0.1100 | 0.03305 | ah 75 | 0.0210 | 0.00631 \ 
43 | 0.12205 36 | 0.1065 | 0.03200} wy 76 | 0.0200 | 0.co6or | ay 
# | 0.11266] & 37 | 0.1040 | 0.03124 | we 77 | 0.0180 | 0.00541 7 
43 | 0.10327 | % || 38 | o.10rs | 0.03049 | az || 78 | 0.0160 | 0.00481 | .. 
3% | 0.00388 | gz || 39 | 0.0905 | 0.02989 | gx || 79 | 0.0145 | 0.00436] .. 
3 | 0.08450 | a || 40 | 0.0980 | 0.02944 | wx || 80 | 0.0135 | 0.00406] .. 
4 | 0.07511 | ok 
gz | 0.06572 | ra 
% 0.05633 = 
‘x | 0.04942 a Y 
# | 0.03755 | ay ee, 
gs | 0.02817 | See 
0.01878 TT, 
Wabaontot WILLE 
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DIMENSIONS OF MACHINE SCREW TAPS 


Stile, Wes. Wee ley eke ace Ge 
ue nohs} a tI I 
Number of |. lesal S| Ee | Gy | S4| 4/8) 28] E 
P| BS eg) 2 | ce gh | ea | ga | ee] Se] 8 
A |4 Eis} re) =) A =) na a 

A B (& D E F G |H 
I o7t| 64 | 12 | 3% 1/5 Tyee E25 | oe | ee ees 
14 081) 56 | 13 | ly zs |-125| rs | gz | 3 
2 089) 50 | 12 | oe 1B | a's] -125] fs | oe | 3 
3 -tor| 48 | 1% 8)? 2) rb |-r25] a | & | 3 
4 -EEZ e360 || 2 H4 [4g | a5 | 125] a | oe 3 
5 -125| 30 | 28 | #1)" | xg |.125] so | & | 3 
6 .141| 32 | 2% AAS 1$ |-14r| go | se | 3 
7 154/32 | 28 | #12 | rh |-154] ve | ve | 3 
8 -166| 32 | 2 | 48] $% | 14% |.166] 3% | 4 4 
9 -180] 30 | 2} z % | 1h |.180} 4 $ 4 
10 194] 24 | 2} t $ | 14 |-194] 4 | & 4 
II .206] 24 | 2% we Wbee | ad | 206iy 4) | eee a 
12 s22r| 24 | 28 | FB) 4 | ry |-221] wy | oe 4 
13 7234) 22 | 2k |x | se | 17's 1.234] we | ts | 4 
14 -246| 20 | 28 | rps | as | r# |-246] a | a | 4 
15 -201| 20 | 2$ |r} | as | ry5|-26r] as | 3s | 4 
16 -272| 18 | 2¢ | x14 ts | ys |-272| vs | x 4 
18 +298) 18 | 23 |1t | ys | 75 |-2908| vs | sa | 4 
20 325) 16 | 3° | x4 £5) TAT e825 |e te 4 
22 350) 16 |] 3° |x} 4 | 14 |.350| 33 | 4 4 
24 -378| 16 | 3% |1t | vs | 144].378] # | & | 4 
26 -404| 16 | 34 |1t | as | 143].404] & | pe | 4 
28 +430] 14 | 34 |1$ | vs | 1481-430| 38 | Fe | 4 
30 -456| 14 | 34 [18 | vs | 143 ].456| oe | 22 | 4 


These are for the American Screw 
that have been in use for many years. 


Company’s Standard screws 


7° TAPS 
MacuIne Screw Taps—(WELts Bros. Co.) 
‘iD: 
tS be-C $--4, 
39 = ES oc. 
« seis = SIS rs 
Outside 
Size | Threads | Size Dia. Thread | Whole | Length | Length | Diam. 
1Z€ | per Inch| Steel Length | Thread | Square |, Square 
Max. | Min. 
A B Cc D E 
° 80 -147 .063 .061 Try Fa ds 112 
I 72 147 -076 074 13 H de 112 
2 64 147 ‘089 | .088 133 a qe 112 
3 56 147 .103 101 18% i de 112 
Ai 48 147 116 It4 148 a8 ts 112 
5 44 147 129 .127 13 3 de 112 
6 40 147 142 140 2x8 SF ge 112 
7 36 165 “155 153 2d z 124 
8 36 A74 .169 167 2g a2 131 
9 32 -187 181 179 2y'4 5 ti 140 
10 30 -200 194 .192 2hh 3 150 
II 215 200 +204 24 161 
rT 28 -226 -220 218 
13 252 +239 237 
14 24 +252 -240 +244 
15 .258 258 -250 
16 22 278 +273 270 
18 20 «304 -299 .296 
332 
20 20 132 325 +322 
22 | 18 366 3st | 348 
+397 
24 16 “383 377 374 
41 
26 16 44 403 +400 
449 
28 14 “445 43° 427 
4 
30 14 476 456 +453 
Size Size 
—— 
© X 80 7X36 
1X72 7X32 
1 X 64 7 X30 
2X 64 8 X 36 
2X56 8 X 32 
3 X 56 8 X 30 
3 X48 9 X 32 
4X48 9 X 30 
4X40 9 X 24 
4X 36 10 X 30 
5 X44 10 X 32 
5 X 4° 10 X 24 
5 X 36 12 X 28 
6 X 40 12 X 24 
6 X 36 14 X 24 
6X 32 14 X 20 


HAND TAPS ; a1 


.©E—— mmm 


ao SaaarnGeers ots 


DIMENSIONS OF HAND Taps 
(Wetts Bros. Co.) 


oral Shank Taps 


a. oral 


ahaa a me 


.S. S., Whit. and 
all V Taps Incl. 
ax” over 
é A Total | Length | Length Length Diam. Diam. 
Size Pitch Length | Thread | Shank Square | Square Shank 
A B ¢ D E F 

t 20 2 t 3 1h ws 134 1737-175 

Yr 18 2 Ty's Ir) is -176 -228—.230 

3 16 2 14 I 7 217 -283-—.285 

vs 14 3 I I { AL +254 -330-.332 

3 St’d 3 I I Ts -286 373-375 
ry 12 fe I 2 3 321 -429 
z Ir 3h 1} rs 45) 359 -479 
te It 4 1} 2 H a8 -406 -542 
rs 10 4% 2 2 3h +442 -590 
ti 10 4yn 2% 2x5 i -489 -652 
yt 9 ahh 2t 206 +523 607 
18 9 4% 2% 24 th -569 “759 
ee 3 8 5 t 2y4 2th t .600 800 
Irs St’d 5 2ra 2th t -647 862 
rt 7 56 2% 25 aR 672 -806 
| Irs 7 Sry 2th 25 3b -719 -959 
1} 7 5th 23 2s I -766 I.021 
| T's St'd 5ts 2th 3 ey 813 1.084 
i xz 6 6 24 3% Ir .831 1.108 
Irs 6 6 t 2hg 3i% I 878 1.170 
1} 6 6 3 3% I 925 1.233 
Tin St'd 675 31} 3% Ii 971 1.296 
13 St’d 6y%s 3 f 318 Irs -978 1.305 
rth Std 6th 3x5 33 I 1.025 1.367 
it 5 Otis 3t 35 tt 1.972 1.430 
1 $ 7 3i 3th Irs 1.119 1.492 
I St'd LR & 34 3f I 1.139 T.519 
bea St’d 7 3r5 3H 1% 1.186 1.582 
2 4} 7% $f 3% 1% 1.233 1.644 
2t 4 7h 3 4ns 1} 1.327 1.769 
2t St'd 7th ie 418 Irs 1.421 1.804 
24 St’d 84 3% 4% Ire 1.514 2.019 
24 4 8} 4 44 Irs 1.575 2.100 
2% 4 8th 44 4th 1} 1.668 2.225 
24 Std Ors 4% 4h 13 1.762 2.350 
2% St’d 9 i 43 5 Irs 1.856 2.475 
3 34 9 43 st Ty's 1.906 2.542 


are 11, 12, 14 and 15 Inches, 


DIMENSIONS OF TAPPER TAPS 


‘s [6  [sB £ 
: mber | SU [sa [ad : : a 
Diaper of | of Threads | Se (Bee (we x| Mameteyot| Digmeterof| 
perInch | 3e |ga8) s0d 3 
Hy | Hy A 
A Sed| sea] B | © | D | SR] va] Sal sea 
wis a —a 
} 20 | 20 | 1% | x & jo.170]0.150/0.179|0.158) 4 
ys 18 | 18 | 2 1} 2 |0.225/0.200/0.234|0.210] 4 
3 TO) 26 |r 1} % |0.280l0.250\0.287/0.261] 4 
1s 14 | 14 | 2} | rf $ |0.330]0.300/0.338]0.307) 4 
$ T34| ra |eat | rt $ 0.385 0.340 0.393 0.348] 4 
ys 12 | 12 | 24 | 14 | x |0.440!0.400)0.446]0.411| 4 
g rr | rr | 24 | rk | x Jo.4go0l0.45510.499|0.462] 4 
# mr | rz | 24 | 14 | x Jo.§55]0.515|0.561}0.523] 4 
Z io | ro | 2 | 1$ | rh jo0.605/0.560)0.6r1]0.570] 4 
3 ro | 10 | 2$ | 18 | rf |0.670|0.625)0.673/0.631| 4 
k 9 ies 1} | 1} |0.720]0.675|0.722/0.675| 4 
+ 9} 913, | 18 | rb }0.780j0.730/0.783}0.735] 4 @ 
I 8 8 | 34 | 2 1h |0.820]0.770|0.828)0.775| 4 
1f 7 9 Neh al eg 14 |0.925|0.860)0.928)0.869) 4 
1} 7 | 7 | 3% | 2. | 1h |1-050/0.985|1.053|0.993| 4 
12 6 614 2% | r§ |1.145}1.070|1.147|1-075| 4 
1h 6 6|4 2} | 1 |1.270|1.195|1.272)1.200) 4 


: 

NoteE.— Tapper taps differ from machine taps in not having a 

square on the end of the shank. They are used in nut tapping 

machines, the nuts being run over the tap on to the shank and when 

full the tap is removed and the nuts slid off. The tap is then re- 
placed for another lot of nuts. 
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PIPE TAPS 
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O is . -—B - tos -—E -—— 
te --E-——- > 
* Diam, of Shank Root Diam. less 0.015” ; 
DIMENSIONS OF TAPER Die Taps 
Diameter | Length | Length Length i 
of of of Sera ht aes cob Toh) easel 
Tap Shank | Thread Thread 8 Square Square Flutes 
A B G D E F G 

4 1} 2 t 3h 15 3 5 
16 1p 2h 1s 4 g es 5 
4 1h 3 $ 4h tt 16 5 
1s 1} 3t te Les ts t 5 
$ 2 3h 4 53 n 3 5 
ts 2t 34 15 6 t 1s 5 
& 2k 4 g 6} té 32 5 
i 2} 44 it 7 t 33 6 
z 3 44 i 73 t 1s 6 
Blot at we | a | te} a6 
t 3 5 E 83 I 4 6 
té 3h 5 te 8t I 16 6 
I 3 5} |t 9 Ips z 6 
1% 3 si | 14 ot 1% i 6 
1} 34 6 It 9 15 i 7 
1% 38 6% | 1% 9 15 Ts 7 
1} 38 6§ | 13 10 1¢ te 7 
1g 38 6s | x18 10} 115 I 7 
1t 38 CeeM ord 10} 1y rs 8 
1g 38 74 «| 18 rot rR 1g 8 
2 38 a4 2 Ir 14 1} 8 


DIMENSIONS OF SELLERS Hoss 


3 3 | jo | 3 i 8 
y f . a lags § Diameter telo = 
oa at sel cones we me be 4 of Shank ms 28 3 
gis] Per inchs | Bea eee Ss S SHIN B| 3 
a A HW al nH ln |A4 
Ae ES | | ae cee ym |e) etal Weed ae fg 
4] 20 | 20 | | Sy] 2 xk |x4'| 44) 0.170] 0.150] #] 4B] 6 
rs| 18 | 18 | ss} fs | 2 [xd |14 | 44] 0.225 | 0.200] 4] xx} 6 
#| 16 | 16} 4 4 | 2b |ryel175] 5 | 0-280] 0.250] #] xe! 6 
vs} 14 | 14] as | 4 | 2k |r'g|r1%s| 54] 0.330 | 0.300] 2§] 4] 6 
4/13 | 12 | & | xe | 2h ]x78\118) 54) 0.385 | 0.340] 48 yu] 8 
ys| 12 | 12 ; $ | 2t\1f |1$ | 6 | 0.440] 0.400} 43) Ps] 8 
R] rr | xr $ # | 2t/24 |24 | 63] 0.490] 0.455] F ii 8 
Hl orz |x | 4 | | 2b leh Jot | 7 [oss losis! #| di] 8 
#| 10°| 10 4 4 | 24 |24 |2k | 74/ 0.605 | 0.560] £] 7%] 8 
t#| 10 | ro 4 4 | 2h 12% |2% | 8 | 0.670] 0.625 | $8) 4] 8 
$] 9] 9 | | 4 | 2h|3. [3 | 8b) 0-715 | 0.675 | $3] 4] 8 
t3} 9 | 9 | 481 2 | 24134 134 | 9 | 0.780] 0.730 |r | 3%] 10 
I 8} 8 | 4 | 44 | 28 |3xe/3x's} 94] 0.825 | 0.770 |r | g] 10 
1%] 7] 7) £ | £4 | 28 laxsl3xs} 92) 0.925 | 0.860 |ryy| 44] 10 
%%] 7) 7} € 1} & | 28 [3td|3t4]x0 | 1-050 | 0.985 |rys] 2] 10 
re] 6 | 6 lary | $ | 26 [348/348 x08] r-r45 | 1.070 [rh | 42) 10 
ay (6 6 | rps | tes | 28 |a%slaes|tx | 1.270 | 1.200 |r44] 43] ro 
18) Sh} 5 [ras [xd | 2b lad jad [rrd] 1-375 | 1-265 [xt |x | x2 
14] 5 | 5 |r | tats | 2b l48 [48 |r2 | 1-475 | 1.390 [rh |rys| 12 
If 5 44/14 | 1s | 22 14k [4h |12b| 1.600 | 1.475 |xxs}1 4] 12 
2 44] 44}14 [1b | 28154 [5% |13 | 1-700 | 1.600 |xg |r} | 12 


Notre. — The Sellers hob is designed to be run on centers, the 
work, such as hand or die chasers, being held against it and fed 
along by the lathe carriage. 
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STANDARD SQUARE-THREAD TAPS 

Size A B (e D E F G H I 
|Diameter #”..()] $3] 4 | 4 | 38 | 34] 2 | we] F] we 
(2)) 33 see Wek pales ape wes $ | x6 % | 25 
Pitch 8...... yee Bee) oe ake eee sae 
Diameter #7..()| 44] 24] 82] 32 | 38] 4 | F | P| 
ol a] § | Gl at) abl 4 | | tl ae 
Bitchy sOjats aiecsts (| =| 46) 84] 32 | 38) 2 i 2s 
Diameter #”..()| ¢ | 3] 8H] 4 | 3h) 2 | te) F | 3 
GN $e) BY 4 Bb a) ae ee 
Pitch 4h..... (| $| 8: 4] 4 | 3b] 4 | te) a] 2 
Hiameter r”..(x)| $$] 34 | $4] 44 | 44 | 3 | T8| 2 g 
- ()| $2) € | 34) 43 | 4b] 2 | te] 2 g 
Lead DBL 3"(lx | 4) | 4b] at] 4 | He] | 8 
Diameter 14..(| $4] 22 | $2) 42 | 48 | 3 [2 Te 44 
(2)| tHe | te] 82 | 42 | 4 $ {I re] +s 
; (3)\ tee |tee | BF | 42 | 48 | 2 | 1% | $3 
Wien st... -@lad free | Bae | ad | ag tt || 
(Diameter 13” .(x)| 132} 14 | 1t st | ab | 8 | ct Tele 
@)} ies | tes [14 | St | 48 | 8 [re | 18 g 
(3)| 124 | 184 [xd | 54 | 48] 8 | xb | re |S 
Lead D’BL 74) 1 | rvs [xd | st | 48] 8 [xb | x8] t 


| Norr.— While in theory the thread and the space are both one 
half the pitch in practice it is necessary to make the thread a little 
more than half in order to allow clearance for the screw that goes 
‘into the threaded hole. The amount of this clearance depends on 
{che character of the work and varies from .oor inch up. Some also 
make the tap so that the screw will only bear on the top or bottom 


‘and the sides. 


FILES 


FILEs are designated both by the spacing of their teeth and the | 
shape or cross-section of steel on which the teeth are cut; the size 
always referring to their length which is measured from the point 
cutting to the end of the file proper but the measurement never 
includes the tang which fits into the handle. 


Terms USED 


The back of a file is the convex or rounding side of half-round, 
cabinet and other files having a similar shape. 

A file is Bellied when it is full or large in the center. 

A Blunt file is the same size its whole length instead of being tapered. 

An Equalling file is one which looks blunt but which has a slight 
belly or curve from joint to tang. 

A Float file is a coarse single cut made for use on soft metals or 
wood and frequently used by plumbers. . 

A Safe-edge is an edge left smooth or blank so that the file will not — 
cut if it strikes against the side of a slot or similar work. 

The Tang is the small pointed end forged down for fitting into the | 
handle. 

Three square files are double cut and have teeth only on the sides, 
while taper saw files are usually single cut and have teeth on the 
edge as well as the sides. This makes the taper saw files broad on — 
the edge or without sharp corners, while the three square files have | 
very sharp corners. i 

A special angle tooth file is made for brass work. The first cut is” 
square across the file, while the second is at quite an acute angle, © 
about 60 degrees from the first cut. ; 

Doctor files are very similar to these except that the first cut is 
about 15 degrees instead of being square across the file. 

A lock file has safe edge and the teeth only go about one third the 
way across from each side leaving the center blank. The teeth are 
single cut. 


Hicut or Work 


The work should be at a convenient hight which will usually vary 
from 40 to 44 inches for most men with an average of 42 inches. 
This means the hight of the work, not the bench. 


PICKLING BATH 


A good pickle to soften and loosen the scale on cast iron before 
filing is made of two or three parts of water to one part of sulphuric 
acid. Immerse castings for a short time. 

For brass castings use a pickle of five parts water to one part nitric 


acid. 
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MIDDLE 


HALF WAY 


BEgAZA 


SECOND CUT 


Actual Tooth Spacing of Single Cut Files 


CAA 
weve 


VAN VN 
we 


SECOND CUT 


SMOOTH DEAD SMOOTH 
Actual Tooth Spacing of Double Cut Files 
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Tue TEETH OF FILES 


The cut of a file or the number of teeth per inch vary with the 
length of the file itself and the kind of a file, and isa little confusing, 
as a rough cut in a small file may be as fine as a second cut of a 
larger size. The cuts used on regular 12-inch files are shown in the 
illustration and represents the practice of Henry Disston & Sons. 
The same makers also supply the table of cuts per inch used on their 
machines, which are as follows: | 


REGULAR TAPER FILES 
Length, inches. — 23, 3, 34, 4, 44, 5, 54, 6, 4, 7, 8, 9, 19, 
Teeth per inch — 64, 56, 52, 50, 48, 46, 44, 42, 42, 40, 38, 36, 34. | 
Slim Tapers — 64, 64, 60, 58, 56, 52, 5°, 59, 46, 46, 44, 40, 38. — 


Miri Fitz, Bastarp Cut ; 

Length — 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 20 in. | 
Teeth — 56, 50, 48, 4, 44, 42, 40, 38, 36, 34, 32, 30, 28, 26, 24, 22 

per inch, . 

Fiat FILE, BASTARD CUT 


48, 42, 38, 36, 32, 30, 26, 24, 22, 20, 20, 18, 18, 16, 16, 14. 


Single cut files usually have teeth at about 25 degrees and in double ‘ 
cut files the other cut is usually from 45 to 50 degrees. Fine 
machinists files are made in ten numbers from oo to 8. 

THE SHAPES OF FILES 

In the following pages the shapes of standard files are shown. 
The names are as follows: 

1. Metal saw —blunt. 6, Round or rat-tail. 12. Warding. { 

2. Three-square or tri- 7. Pippin. 13. Extra narrow 

angular. 8 Knife. pillar. 

3. Barrette. g. Crossing. 14. Narrow pillar. 

4. Slitting. ro. Half-round. 15 Pillar. 

5. Square. 11. Crochet. 16 Hand. 


Files are cut in two ways, single and double The first has but a 
single line of cuts across the surface, at an angle with the file body 
but parallel to each other. The double-cut file has two lines of cuts, 
at an angle with each other, and the second cut being usually finer 
than the first. Some prefer the single cut, for filing in the lathe. 
Rasps have single teeth forced up with a punch. 

The old method of designating the cuts were rough, coarse, bas- 
tard, second cut, smooth and dead smooth. Some makers are now 
using a series of numbers — usually eight to ten — instead of 
the six designations by name formerly employed. The uses of the 
various cuts depend on the shop in question and must be learned from 
observation and experience in each case. 

The grades of cut used by them run from No oo to No. 8, and while 
it is hard to exactly compare them with the old-style designations, it 
will be found that No. oo is about the same as a bastard, No. 1 as a 
second cut, No. 2 or 3 with a smooth, and Nos. 6 to 8 with a dead 
smooth file. 


SHAPES OF FILES Mtoe 


10 
The Standard Shapes of Files 
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The Standard Shapes of Files 


WHEN A Fite Cuts BEstT 


One who has given the matter careful attention, and has built 
file-testing machines, Edward G. Herbert, of Manchester, England, 
has come to the conlcusion that a file does not cut best when it is 
new but after it has been used for some little time, say 2500 strokes 
or the filing away of ore cubic inch of metal. Another curious 
feature is that its usefulness seems to come to a sudden instead of a 
gradual end. 

A bastard file having 25 teeth to the inch, operating on a surfac 
one inch square with a pressure of 30 pounds, which is about equal 
to heavy hand filing, gives 25 cutting edges about one inch long, 
which likens it somewhat to a broad cutting tool in a planer. 

In cutting a file the metal is forced up in a sort of a bur, and occa- 
sionally the top of the tooth slopes over backward which is the reason 
that a file often cuts better after these are broken or worn off. Then. 
too, when a file is new all the teeth are not of the same hight an 
only a few points cut. As they wear down more teeth come into 
contact and do more work. 


SMALL FILES 


Needle Files for Fine Work 


Die Sinkers Files or Riffles 
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WORK BENCHES 


Tue duties of a bench vary with the shop in which it is located 
according to the work that is to be done on it or at it. If it is simply 
a filing bench, the main requirement is that it support a vise firmly 
and at the proper hight. If an assembling bench, these are not the 
important features, and just what it does need depends on the kind 
of work being handled. 

For the average shop work we want a bench that is rigid; that will 
stand chipping and filing; that can be used in testing work on a 
surface plate or in handling jigs and fixtures; that will not splinter 
badly nor yet injure a tool should it happen to drop on it. For the 
toolmaker the cast-iron bench top has many advantages, but both 
the bench and the tool are very liable to be marred by dropping the 
tool on it, so that for general use we rely on wood as in the days of 
old, except that a bench with solid 2- or 3-inch planking the whole 
width is now too expensive to consider. We no longer want the 
bench braced up against the side of the shop but set it out from — 


- FIG. 1, Good for Ordinary Work, FIG, 2, Another Method, 


| 
; 
the wall to allow the heat to rise and the air to circulate, as well as 
giving the sprinklers a chance to get at a fire on the floor near the 
walls. 

The use of a lighter board at the back has become so common that 
the New Britain Machine Company’s design for a bench leg is made 
for this construction as shown in Fig. 1. This also shows the back- 
board B rabbeted to the plank A, which supports it all along the 
front edge, and it is also supported by the stringer D, which runs the 
whole length of the bench. These supports, in addition to the cross 
bearing of the legs every 6 or 8 feet, give the backboard a stiffness 
that was unknown where they are simply laid flush and not rabbeted 
and the stringer is absent. 

Benches made without these supports are open to the serious objec- 
tion that the backboard springs down when a heavy weight, such as 
. jig or surface plate, is put on the bench and throws them out of 
evel. 

All cracks are more or less of a nuisance in bench work, but in 
this case any shrinkage can be taken up by wedging against the 
iron support of the board C and the edge of the backboard B. 
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Another style bench with this same leg is shown in Fig. 2. Here 
the front plank A and the backboard C are the same as before, but 
instead of having one backboard, this part of the bench is made up 
-of narrow strips as B, fitting into rabbet in plank A and supported 
dy the stringer D as before. These narrow boards can be either 
ongued and grooved hardwood flooring, or can be square edges, as 
dreferred; in either case any shrinkage can be taken up by forcing 
che boards together. 

A cheaper form of bench is shown in Fig. 3, where the heavy 
slanking is entirely dispensed with and the boards B run the full 
width of the bench as shown. Running along the front, underneath 
he main boards is a soft plank A which supports the edge of the 
sench where the most work comes, and under the back is the 2 X 6- 
nch stringer as before. Here, too, the boards can be either notched 
or square edge, each having its advocates; the objection raised 
against the tongue and groove being that the edges are apt to split 
off from heavy articles dropping on them. An advantage claimed 
“or the boards running this way is that work going on or off the 
| 


FIG. 3. A Cheaper Way. isl! FIG, 4, A good but 
. expensive Construction, 


‘bench is always in the direction of the grain of the wood and that 
iewer splinters are formed on that account. In either Figs. 2 or 3 
sany local wear can be remedied by replacing the worn board with a 
‘mew one. Some object to the end of the grain at the front of a bench. 
The material used in any of these can be varied to suit the indi- 
widual requirements. Maple is generally considered the best wood 
‘or a bench, while others prefer ash. For the backboards hard pine 
\’s often used and even cheaper woods will answer if necessary, al- 
‘hough it probably pays to use maple all through if you can afford 
t 


Still another style of bench is shown in Fig. 4 and one which was 
“designed to be serviceable and have a long life without so much 
segard to first cost as the others. The bench leg was flat on top, 
lehe first layer of maple planks A and D and on top, narrower boards 
Ire the same material. These were fastened with long wood screws, 
‘noles being countered and plugged as shown. 


I 


The theory of this construction is that the boards are sure to be 


Ktore thoroughly seasoned than the planks, consequently the planks 
; 
| 


} 
t 
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will shrink the most and tend to draw the top boards closer together. 
It certainly makes a solid bench, but the first cost is rather high. 

Benches are also occasionally built up from small blocks so as to 
present an end grain on the top, the same as butchers’ blocks. One 
shop we know of surfaces these when worn by putting them on a 
Daniels’ planer and substituting a circular saw for the swinging 
knives. ‘This saws the top very smooth and leaves a good surface. 
Others glue up strips on edge and plane down to a smooth surface 
so as to do away with all cracks. Zinc or even heavy paper covers 
are often used where fine work is being assembled to prevent its 
finding its way into cracks and crevices. 

The usual work bench is from 33 to 35 inches from the floor to the 
top, about 29 or 30 inches wide, and has the front plank 3 inches with 
backboards 1 inch thick. A cast-iron leg of this type weighs about 
50 pounds, 


SOLDERING 


Atmost every one thinks he can solder, yet if we examine the 
work carefully we will find that only about 10 per cent of the work 
is really done as it should be. Thorough soldering is frequently 
referred to as sweating, and it is remarkable the difference in strength 
between a well-fitted and “sweated” junction of the metals and 
one as ordinarily soldered. 

A point frequently overlooked is the important one of properly 
cleaning the surfaces to be joined. This is too often left for the 
flux to correct. Another neglected point is the selection of the flux 
to be used, although nearly all of the metals can be joined by the use 
of the same flux. The after effects resulting from improper cleaning 
after soldering are frequently worse than the good effects of the 
soldering. This is particularly noticeable in electrical work. 

For strength, fit the parts accurately. The more accurate the 
fitting the stronger the result. Use a solder with as high a melting 
point as possible. Apply the proper heat as it should be. The 
nearer the temperature of work to be joined is brought to the fusing 
point of the solder the better will be the union, since the solder will 
flow more readily. 


Fluxes for Different Metals 


There are on the market a number of fluxes or soldering salts 
that are giving good satisfaction. A form that is non-corrosive 
and very popular with electrical workers is the soldering stick in 
which the ingredients are molded into stick form about 1 inch diam- 
eter and 6 inches long. 

The action and use of a flux in soldering are to remove and pre- 
vent the formation of an oxide during the operation of soldering, 
and to allow the solder to flow readily and to unite more firmly 
with the surfaces to be joined. 

For sheet tin, on the best work rosin or colophony is used; but 
owing to the ease of applying and rapidity of working, zinc chloride 
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or acid is more generally used. Beeswax can also be used, as also 
almost any of the pastes, fats or liquids prepared for the purpose. 

For lead, a flux of oil and rosin in equal parts works very well. 
Tallow is also a good flux. Rosin or colophony is much used, and 
zinc chloride will keep the surfaces in good condition. 

Lead burning is a different operation from soldering, and at the 
present time almost a lost art. The surfaces must be bright and 
free from oxide; solder is not used as a flux, but a piece of lead and 
rosin or oil. 

For brass, zinc chloride or almost any of the soldering prepara- 
tions is used. Care must be taken to remove any scale or oxide 
if a good joint is wanted. On new metal this is not much trouble, 
but on old or repair work it is sometimes exceedingly difficult. This 
is particularly noticeable on metal patterns that have been in use 
for some time. The scraper must be brought into use to remove it. 
Many use with considerable success an acid dip such as is com- 
monly used by electro platers, for removing the oxide. Oily or 
greasy work can be cleaned by the use of potash or lye, but care 
must be exercised that the brass is not left too long in the solution, 
especially if it contains any joints previously soldered, since the 
action set up will dissolve the solder entirely or roughen up the 
joint to such an extent as to require refinishing. 

For copper, the same fluxes as for brass are used. On old work 
it is almost always necessary to scrape the parts to be joined to get 
the solder to hold. A particularly difficult piece of work to solder 
is an old bath tub. The grease and soap form a layer that is imper- 
vious to any of the fluxes, and it must be carefully removed entirely 
if good work is wanted. 

For zinc, use muriatic acid almost full strength or chloride of 
zinc solution. Zinc is the metal that has a ‘critical temperature” 
more than any other metal except the softer alloys. If the iron is 
overheated, the zinc is melted and a hole burned in the metal; 
even if this does not occur, the surface of the metal is roughened 
and there is formed on thé soldering copper an alloy that will not 
flow but simply makes a pasty mass. At the correct heat the solder 
will flow readily and unite firmly with the metal. Especially if 
the work is to be painted, care should be taken to neutralize and 
wash off any excess of acid or soldering solution, as it is impossible 
to cause paint to adhere properly unless this is done. 

For galvanized iron, use muriatic acid, chloride of zinc solution 
or rosin, and be sure to see that the acid is neutralized if the work 
is to be painted. Many cornices and fronts are made of this metal 
and are very unsightly in a short time after being painted, particu- 
larly at the joints, owing to lack of care in removing the excess flux. 

An action that is not usually taken into consideration in the joining 
of galvanized iron or zinc with copper, as is sometimes done, is the 
electrical action set up by the metals if any moisture is present. 
This is very noticeable in cities where the acid from the atmosphere 
assists in the action. It will nearly always be found that the zine 
or galvanized iron has been greatly injured at the places joined. 

For wrought iron or steel, zinc chloride is best. The iron or steel, 
to make good work, should be previously freed from scale or oxide 
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and tinned before joining. Where the oxide is not very heavy, 
the iron can be cleaned by brushing with muriatic acid and rubbing 
with a piece of zinc. 


The Fluxes Themselves 


The above paragraphs give the fluxes adapted to the various 
metals; the fluxes themselves are as follows: 

Hydrochloric or muriatic acid. The ordinary commercial acid 
is much used in full strength or slightly diluted to solder zinc, par- 
ticularly where the zinc is old or covered with an oxide. 

Rosin or colophony, powdered, is commonly used for copper, tin 
and lead, and very generally by canneries and packing houses on 
account of its non-poisonous qualities. It is also used mixed with 
common olive oil. ‘Turpentine can also be used as a flux. Beeswax 
is a good but expensive flux. Tallow is also used for lead pipe, 
but is more frequently mixed with rosin. 

Palm or cocoa oil will work well, but is more generally used in 
the manufacture of tin plate. The common green olive oil works 
very well with the more fusible solders. 

As expedients we can use a piece of common stearine candle or 
a piece of common brown rosin soap or cheap furniture varnish, 
which is largely composed of rosin. Paraffin, vaseline and stearine 
are recommended for use with some of the alloys for soldering alu- 
minum, 

Chloride of zinc, acid, or soldering liquid, is the most commonly 
used of all the fluxes; as usually prepared, simply dissolve as much 
scrap zinc in the ordinary commercial muriatic acid as it will take 
up. But if it is diluted with an equal quantity of water and a small 
quantity of sal ammoniac is added it works much better and is less 
likely to rust the articles soldered. If they are of iron or steel, about 
2 ounces to the pint of solution is about the proper quantity of pow- 
dered sal ammoniac to add, 

In preparing this solution, a glass or porcelain vessel should be 
used; owing to the corrosive fumes, it should be done in a well-ven- 
tilated place. Use a vessel of ample capacity, since there is con- 
siderable foaming or boiling of the mixture. 

Soldering liquid, non-corrosive, is also prepared by dissolving 
the zinc in the acid as above and adding one fourth of the quantity 
of aqua ammonia to neutralize the acid, then diluting with an equal 
quantity of water. 

Soldering liquid, neither corrosive nor poisonous. Dissolve 14 
parts glycerin, 12 parts water, and add 1} parts lactic acid. 

Soldering paste. When a solution of chloride is mixed with starch 
paste, a syrupy liquid is formed which makes a flux for soldering. 

Soldering fat or paste. Melt 1 pound of tallow and add I pound 
of common olive oil. Stir in 8 ounces of powdered rosin; let this 
boil up and when partially cool, add with constant stirring, 4 pint 
of water that has been saturated with powdered sal ammoniac. 
Stir constantly until cool. By adding more rosin to make it harder, 
this can be formed into sticks. A very good acid mixture for clean- 
ing work to be soldered is equal parts of nitric and sulphuric acid 
and water. Never pour the water into the acid. 
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Cleaning and Holding Work 


For copper work a dilute sulphuric acid is best. Articles of lead 
and zinc can be cleaned with a potash solution, but care must be 
exercised as the alkalies attack these metals. For zinc, a dilute 
solution of sulphuric or muriatic acid will clean the surface. 

For cleaning or removing the oxide or other foreign material, 
scrapers and files are frequently used. An old file bent at the ends 
and with the corners flaring makes a handy tool. Grind the edge 
sharp and make as hard as possible. 

To enable difficult points to be “‘filled,”’ sometimes a small piece 
of moist clay pressed into shape to form the desired shape can be 
used to advantage as a guide for the solder. Another use of the 
clay is to embed the parts in, to hold them in position for soldering. 

Plaster of paris is also used for this purpose, but is sometimes 
difficult to remove, especially in hollow pieces. A dilute solution 
of muriatic acid will help to get this out, however. 

Castings containing aluminum are always harder to solder than 
other alloys. In some instances where the percentage of aluminum 
is high, it is necessary to copperplate the parts to be joined before 
a satisfactory joint can be made. In nearly every instance the work 
can be “stuck” together, but not actually soldered. 

In metal-pattern making too little attention is given to both the 
fitting of the parts and the selection of the solder to joint the work. 
A good grade should always be used, and it must be borne in mind 
that the higher the melting point of the solder the stronger the joint. 

A very good job of soldering can be done on work that will permit 
of it by carefully fitting the parts, laying a piece of tin foil, covered 
on both sides with a flux, between the parts to be joined and pressing 
them tightly together. Heat until the foil is melted. This is very 
good in joining broken parts of brass and bronze work. If they 
fit well together, they can frequently be joined in this manner so 
that the joint is very strong and almost imperceptible. 


Soldering Cast Iron 


For cast iron, the flux is usually regarded as a secret. A number 
of methods are in use; one of the oldest and least satisfactory is to 
brush the surfaces thoroughly with a brass scratch brush. Brush 
until the surface is coated with brass, then tin this surface and solder 
as usual. If plating facilities are to be had, copperplate the parts 
and solder together. This method has been used very successfully 
for a number of years. 

A fair substitute for the above is to clean the surfaces thoroughly 
and copperplate them with a solution of sulphate of copper: about 
I ounce sulphate of copper, 4 pint water, 4 ounce sulphuric acid. 
Brush this solution on or dip into the solution, rinse off and dry it 
well before soldering. 

Another method is to tin the cast iron. To do this, first remove 
all scale until the surface is clean and bright. The easiest way to 
do this is with the emery wheel. Dip in a lye to remove any grease, 
and rinse the lye off; then dip into muriatic acid of the usual strength. 
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Then go over the surface with rosin and a half and half solder. It 
may be necessary to dip into the acid several times to get the piece 
thoroughly tinned. Rubbing the surface of the iron with a piece 
of zinc while the acid is still on it will facilitate the tinning. 

Another method of soldering cast iron is to clean the surface as 
in the previous operation and then brush over with chloride of zinc 
solution and sprinkle powdered sal ammoniac on it; then heat until 
the sal ammoniac smokes. Dip into melted tin and remove the 
surplus; repeat if not thoroughly tinned, Half tin and half lead 
works well as a solder for this. 

‘Commutator wires and electrical connections should never be sol- 
dered by using an acid solution, owing to the corrosive action after- 
ward, A good flux is an alcoholic solution of rosin, 


Cold Soldering for Metals, Glass, Porcelain, etc. 


Precipitate the copper from a solution of the sulphate by putting 
in strips of zinc. Place the copper powder in a porcelain or wedge- 
wood mortar and mix it with from 20 to 30 parts of sulphuric acid 
of 1.85 degrees Baumé. Then add 70 parts of mercury when well 
mixed, wash well with water to remove the excess of acid and allow 
it to cool. To use it, heat it and pound it well in an iron mortar 
until it becomes plastic. It can then be used and adheres very firmly 
when cold. No flux is needed, but the surfaces must be clean. This 
is used where heat cannot be used, or to join metal parts to glass or 
porcelain. 

A solution of copper for copperplating steel or cast iron before 
soldering will work by simply immersing the work in it. This is 
also useful to copper the surface of dies and tools to enable the me- 
chanic to ‘“‘lay out” or scribe the work so that the lines can be readily 
seen. Take copper sulphate 34 ounces, sulphuric acid 3} ounces, 
hg 1 to 2 gallons, Dissolve the copper in the water and add the 
acid. 


Solders and Fusible Alloys 


Solders act under constant stress considerably like plastic or semi- 
fluid material, Their fluidity resembles that of tar or gum, and their 
distortion with time is greater than would be thought. In a series 
of tests a notable point brought out was the varying degrees of 
strength with age. Tensile strength increases with the percentage of 
tin present, but when the solder’s age is considered as a factor, the 
product possesses its maximum value at 60 per cent. tin, showing this 
property as similar to that of the melting point and depending upon 
chemical composition. 

For general work, the solder requiring resistance to stress is 60 
per cent. tin, but for work requiring little mechanical strength, such 
as sealing, a lower per cent. of tin may be used. 

Generally speaking, all solders are alloys of lead and tin. The more 
lead the alloy contains, above 4o per cent., the higher is its melting 
point, as also the less lead it contains, below 40 per cent., the higher 
is its melting point. 


SOLDERING gt 


The melting point of alloys which fuse at a low temperature may 
be found by tying a small wire around a fragment of alloy and hang- 
ing it ina bath of water. A thermometer should be kept in the bath 
and the temperature increased slowly until the alloy melts. The melt- 
ing point of the alloy can then be noted by the temperature of the 
bath. For higher temperature a bath of paraflin or oil is used. If 
bismuth is added to these alloys the melting point is lower, as bismuth 
possesses the quality of expanding on cooling, a property which is 
very unusual in metals. Bismuth is used not only to make the alloy 
or solder more easily worked, by diminishing its melting point, but 
if sufficient quantity be present its expansive tendency counter- 
balances the effects of the contraction of the other metals, and the 
total result is the prevention or reduction of shrinkage in the mold. 
The addition of cadmium still farther lowers the melting point of such 
alloys as those of bismuth, lead and tin, which in themselves have 
very low melting points. 


ComposITION AND MELTING Port oF SOLDERS AND FUSIBLE 


ALLOYS 

ety Other Melting Point 

Alloy Lead Tin am Constitu- 
me Cent. | Fahr. 
Solder re Oey 96.15 | 3.85 292 | 558 
WOIdEr 2 oem. ee 90:9 9.t 283 | 541 
Older s eters ee. 83-300 2Or7 266 | 51r 
SolderA nach. yi: 75.001 | 2570 250 | 482 
DOLOET 5 cyen Moneer 66.7 | 33-3 227 | 441 
DOLCE: Oe cry wee as 50.0 | 50.0 ; 188 | 370 
SOlGCR a a ace 40.0 | 60.0 168 | 334 
SOMMERS fac, sche wars 33-3. | 66.7 17 | 340 
SOlAEE 19 Gears Cee ie, A ey Zinc 140 | 284 
1. Steam boiler plug | 48.4 12.8 38.8 I71 | 340 
2. Steam boiler plug .| 44.5 22.2 33-3 141 | 285 
3. Steam boiler plug .| 42.1 42.1 15.8 123 | 253 
4. Steam boiler plug .| 10.0 | 40.0 | 50.0 116 | 240 
Sir Isaac Newton’s.| 30.0 | 20.0 | 50.0 Ioo | 212 
Suitable for casts .| 31.25 | 18.75 | 50.0 98 | 208 
Rose’s alloy... .:... 28.1 | 21.9 | 50.0 95 | 203 
D’Arcet’s alloy ...} 25.0 | 25.0 | 50.0 |Cadmium 93 | 200 
Wood’s alloy ..... 25-01 tare 50.0 12.5 60 | 140 
Lipowitz’s alloy ..| 26.9 | 12.7 50.0 10.4 66 | 150 
Expanding alloy . .| 66.7 | 8.3 25.0 66 | 150 


Hard solders sometimes contain more or less copper. A substan- 
tial solder contains 60 per cent. copper, 20 per cent. tin and 20 per 
cent. zinc. An easily melted yellow, hard solder contains about 45 
per cent. copper and 55 per cent. zinc. This solder is really a brass, 
but at times is used for soldering, binding and filling purposes. 
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Nearly all aluminum solders are alloys of tin and aluminum that 
contain from 15 to 25 percent. aluminum. A small per cent. of cop- 
per or nickel, never exceeding 2 or 3 per cent., is sometimes used. 
The exact point of separation between a fusible metal and a non- 
fusible one is very uncertain, thus several additional alloys are given 
in the table. In filling up imperfections in ornamental castings for 
plugs in electrical wiring and on boilers in engineering work, fusible 
alloys are used. Sometimes defects in structural steel have been 
filled in with expanding alloy, after being dressed in a coat of point. 
The United States Government rules call for pure Banca tin for boiler 
plugs, but this is not essential and any good tin will serve the purpose. 

Experiments have been made in an engineering college quite recently 
for the purpose of finding the way of making solder joints, as well as 
measuring their tensile strength. Any pressure upon the solder at 
the moment of setting diminishes the strength of the joint. Thus, in 
making a solder joint, the upper piece should be held above the lower 
one, the solder fused by means of two blow torches, and the pieces 
brought together by very slow and easy pressure. By employing this 
method, which differs from that commonly called “sweating,” the 
joint is less liable to be broken, as the crystalline composition of 
the resulting mass contains less resistance at this time. 

In addition it is found that there is remarkable variation with time 
of the tensile strength of such joints, which is also in accord with 
what would be considered proper by engineering science in this field. 
Under any circumstances the average strength attained does not 
exceed 27,000 pounds per square inch, and was obtained from solder 
made with three-fifths of its composition tin. 
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GEAR TEETH — SHAPES OF 


Cycloidal or Epicycloidal. — A curved tooth generated by the point 
of a circle rolling away from the gear wheel or rack. 

Involute.— A curved tooth generated by unwinding a tape or 
string from a cylinder. The rack tooth has straight sides. 

Involute Standard. —'The standard gear tooth has a 14} degree 
pressure angle which means that the teeth of a standard rack have 
straight sides 144 degrees from the vertical. 

Involute — Stubbed. — A tooth shorter than the standard and 
usually with a 20-degree pressure angle. 


GEARS — TEETH AND PARTS 


+ k— Cironiar 
+ | ' Pitch * 
r 2 opin Say 
ah ee 
LZ Z 
$37 Z 
» gs 5 > 
OS. ag my Wess 
a3 a 
3 2 
Fl Sy 
6 > o/, 
14 z aa 
res ci 
-----| ; * Measured on the Pitch Circle Clearance. 


Fic. 1. — Part of Gear Teeth 


Addendum. — Length from pitch line to outside. 

Chordal Pitch. — Distance from center to center of teeth in a 
straight line. 

Circular Pitch. — Distance from center to center of teeth meas- 
ured on the pitch circle. 

Clearance. — Extra depth of space between teeth. 

Dedendum. — Length from pitch line to base of tooth. 

Diametral Pitch. — Number of teeth divided by the pitch diam- 
eter or the teeth to each inch of diameter. 

Face. — Working surface of tooth outside of pitch line. 

Flank. — Working surface of tooth below pitch line. 

Outside Diameter. — Total diameter over teeth. 

Pitch Diameter. — Diameter at the pitch line. 

Pitch Line. — Line of contact of two cylinders which would have 
the same speed ratios as the gears. 

Linear Pitch. — Sometimes used in rack measurement. Same as 
circular pitch of a gear. . 
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CIRCULAR PITCH 


Having To Get Rule Formula 
The Diametral The Circular [Divide 3.1416 by the Di- Pp 3-1416 
Pitch ...... j Pitch ametral Pitch .......... siapres 
The Pitch Di- nde 5 4 
Seantere mand Pretend Divide Pitch Diameter by ‘ D 
SEEM amber ite the product of .3183 and|P/= 
efi Pestle Number of Teeth....... 3183 N 
The Outside fee 2 : 
Diameter and The Circular Divide Outside Diameter by D 
Cheuuber Pitch the product of .3183 and|P’= 
of Teeth Number of Teeth plus 2 3183 N+2 
The | Number 7 
: The continued product of 
é ee ene Pitch Diameter the Number of Teeth, the} D’= NP’ .3183 
Pitch Pan ae Circular Pitch and .3183 
br e i sites at ioe Whee erties 
oO eeth an . . r of Leeth an utside! 
the Outside Pitch Diameter Diameter by Number of Dat 
Diameter ... Teeth plaka cs. ce rect 
The ues ee ed the Pisa 
Diameter an . A iameter the product o =D— 
Penne) Pitch Diameter the Circular Pitch and (P’,6366) 
itch ee nieniey Ai GORE OL Ee an ae 
Addendum and 4 
h 5 Multiply the Number of 
eae Pitch Diameter Teeth by the Addendum D=Ns 
ee io tase nendaned Boge = Saat 
of Teeth an = i the Number of Teeth plus|D =(N-+ 2) 
the Circular Outside Diameter 2, the Circular Pitch and P’ .3183 
Pitels Fase as Bett Pa pe ae oe te ae 
The Pitch Di- ; . 
Add to the Pitch Diameter 
ameter, and|!Outside Diameter| the di r-|D —Dit 
o product of the Cir a 
tee eee cular Pitch and .6366.... (P*.6366) 
sae can Multipl Addend: b 
of Teeth an a4 . ultip! endum = by| py _ 
the  Adden- | (Outside Diameter ata det of Leeth plus. D=s(N+2) 
Ger eae 
The Pitch Di- + A 
Divide the product of Pitch Dp 6 
ameter and . A 3 T40' 
‘ Number of Teeth} Diameter and 3.1416 by|N 7 
or nt the Circular Pitch ...... P 
. . Pr 
The oh euler }} Thickness of {One half the Circular Pitch |¢ =“ 
é Multiply the Circular Pitch 
The — Circular spe 
Riches } Addendum Peet ie a ee $s =P’ .3183 
a Circular \ Root es, Circular Pitch}, +f=P" .3683 
sae Circular |Working Depth ee Circular Pitch} pr _ pr 6366 
Bae ear | Whole Depth pepe the Circular Pitch! p_ pr 6366 
Sh oe, | Cee Oe ee 
Thickness of One tenth the Thickness of] ¢__! 
Tooth ...... }| Clearance Tooth at Pitch Line ..,.) x0 


DIAMETRAL PITCH 
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Having To Get Rule Formula 
The onenes) The Diametral |Divide 3.1416 by the Cir- P _ 3-1416 
Pitchileaanes Pitch cular Pitch: 3)... 200. np? 

The Pitch Dt- 
ameter and The Diametral |Divide Number of Teeth by P aN 
the Number Pitch Pitch Diameter ......... se 8 
T ct Tee = 
e utside Aan 
Diameter and The Diametral sae ae ber of | Teeth NES 
plus 2 by Outside Di-|P = 
the Number Pitch anelen D 
BE ScERE lL) ade om amBeteR ct AEA ae 
The ear Divide Number of Teeth b N 
Teeth an f b ivide Number of Teeth by} p,_V 
the ee Pitch Diameter |“ the Diametral Pitch ..... se P 
Piteh: cits . 
The Number of Divide the Product of Out- ¥ 
Teeth and the Pitch Di , side Diameter and Num- pL 
Outside Di- Deeg ber of Teeth by Number N+2 
ANDO CED sem ose of Teeth plus 27° -......: 
The Cees oles se the ae 
Diameter an : c iameter the quotient o' e 2 
the _ Diame- Pitch Diameter 2 divided by the Diametral et P 
re tees page a4 Pith herein ecco 
dendum an ‘ 
‘* “i Multiply Addendum by the} p>, _ 
ee Pitch Diameter Nam bertonctcetheee anes D=sN 
The Number of Pan 
Divide Number of Teeth 
odes Outside Diameter| plus 2 by the Diametral)D - 
ete wBk IPOH reyes ce ater sais 
e Pite 1am- . 7 
Add to the Pitch Diameter 
ae ene tod Outside Diameter} the quotient of 2 divided D=D/+2 
Pitch by the Diametral Pitch de 
The Pitch te pie He Suebe of aa D N+2 
ameter an . . plus 2 by the quotient o = 
the Number Outside Diameter) Number of Teeth and by N 
of Teeth ... the Pitch Diameter ..... IDe 
The Number of Multiply the Number of 
Teeth and} {Outside Diameter} Teeth plus 2 by Adden-/D=(N+2)s 
Addendum . . AU EA? tenlctepa ss ER eer 
The Pitch Di- = 
ameter and Number of Multiply Pitch Diameter by N=D’ 
the Diametral Teeth the Diametral Pitch ..... 
Pitch = Aee8: 
The Outside F ‘ 5 
a a Multiply Outside Diameter 
Piascee and le cee by the Diametral Pitch| N=DP—2 
Pit Ree ea tee) and.subtract 2.......... 
The wiameteely Thickness of [Divide 1.5708 by the Di-|, _ 1:5708 
PRC Aihiis.. Tooth ameétral Pitch .2.0....., P 
The Diametral Divide 1 by the Diametral 
Pitch is Ha saic } Addendum Pitch ‘ors (= mente des rear 
The Diametral Divide 1.157 by the Diam- — 1157 
Pitch ...... } Root eralPitche ee eens aia dein 
ge - tT ; Divid by the Diametral 2 
s piamera}| working Dept Pps, ¢ b¥ the Diametll pra 


a ape 
Pitch 


The Diametral 
Pitch 


j 
} 


oot 


Whole Depth 


Clearance 


Clearance 


Divide 2.157 by the Dia- 
metral Pitch 

Divide .157 by the Diametral 
Pitch 

Divide Thickness of Tooth 


a — 2-157 
Dns 

77 
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pee 
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TABLE OF CORRESPONDING DIAMETRAL AND CIRCULAR PITCHES 


TABLE No. 1 TABLE No, 2 


cancer Circular Pitch bec oc Diametral Pitch 
1} 2.5133 2 1.571 
1h 2.0944 ry 1.676 
1} 1.7952 14 1.795 
Z 1.571 1% 1.933 
2k 1.396 1} 2.094 
2h 1.257 Iz 2.185 
2 1.142 14 2.285 
3 1.047 15 2.304 
3h 898 1} 2.513 
4 -785 15 2.646 
5 .628 1} 2.793 
6 524 Iq 2.957 
7 -449 I , 3.142 
8 +393 it 3-351 
9 +349 $ 3.590 
Be 314 +3 3-867 
II 286 rf 4.189 
12 262 iy 4.570 
a +224 § 5.027 
16 .196 ts 5.585 
18 ‘175 , 6.283 
ae +157 1s 7.181 
2 +143 3 8.378 
a +131 7s 10.053 
26 -T21 t 12.506 
28 112 Ys 16.755 
3° +105 4 25.133 
32 -098 ts 50.206 
36 .087 
40 :079 
48 .065 


No. 1 table shows the diametral pitches with the corresponding 
circular pitches. 

No. 2 table shows the circular pitches with the corresponding 
diametral pitches. 

It is most natural to think of gears in circular or linear pitch and 
we soon get to know the size of any pitch, as 12, as being a little 
over } inch from center to center. But the diametral system has 
many advantages in figuring gear blanks, center distances, etc. 
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CONSTANTS FOR DETERMINING CHORDAL PITCH AND 
RADIUS OF SPUR GEARS 


P = Chordal Pitch of Teeth. 
R = Radius of Pitch Circle. 
NV = Number of Teeth. 
C = Constant. (See table below.) 

: Radius of pitch circle 
OE A De Constant for number of teeth’ 
Radius of pitch circle = Constant X chordal pitch. 


Radius of pitch circle 
Chordal pitch of teeth” 

EXAmpPLEs: 1. What is radius of pitch circle of a gear having 45 teeth, 
i? inch pitch? Follow 4o in table to column 5 (making 45 teeth), 
and find 7.168 Multiply by pitch, 1? inch, and get 12.54 inches 
radius or 25.08 pitch diameter. 

2. What is the chordal pitch of a gear 32 inches pitch diameter, 
67 teeth? Follow 60 in table to column 7 and find 10.668. Divide 
radius ($ of 32 = 16 inches) by constant. 16 + 10.668 = 1.5 inch 

itch. : 
: 3. What number of teeth has a gear of 1.5 inch chordal pitch and 
pitch diameter 32 inches? Divide by 2 to get radius. Divide this 
by chordal pitch which will give constant. 16 + 1.5 = 10,666. Look 
in table for this constant which will be found to represent 67 teeth. 


Constant for any number of teeth = 


TABLE OF CONSTANTS 
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GEAR WHEELS 
TABLE OF TOOTH PARTS — DIAMETRAL PITCH IN FIRST COLUMN 


“tod = I 
2 ae ae 4 
= 3 num Ss a 
a 32 og S 2 
3 & a? g A 
3| 3 4a 3 Be 
pcg bgemsuee #2 
fa) 5 & < = 
F. rag t s D* 
4| 6.2832 3.1416 2.0000 4.0000 
#| 4.1888 2.0944 1.3333 2.6666 
Pee strand 1.5708 1.0000 2.0000 
T4| 2.5133 1.2566 .8000 1.6000 
1h] 2.0944 1.0472 .6666 1.3333 
13] 1.7952 8976 5714 1.1429 
2| 1.5708 7854 -5000 1.0000 
2}| 1.3963 .6981 -4444 8888 
2hk| 1.2566 6283 -4000 .8000 
2?| 1.1424 5712 -3636 7273 
3.| 1.0472 -5236 3333 -6666 
34| 8976 -4488 .2857 5714 
4 -7854 3927 .2500 -5000 
5 .6283 -3142 .2000 .4000 
6 5236 2618 .1666 Ackicts 
7 -4488 .2244 -1429 -2857 
8 3927 -1963 -1250 +2500 
9 3491 1745 pain bs +2222 
10 3142 ESTE .1000 +2000 
II .2856 -1428 -0909 -1818 
12 -2618 1309 -0833 -1666 
13 2417 1208 -0709 1538 
14 2244 .0714 1429 


HoH 


ce 
ne 


Ei 


below Pitch 


Depth of S 


¥ 
OR 


3142 
-5428 
SER YT 
9257 
“7734 
-6612 
5785 
$143 
-4628 
-4208 
+3857 
.3306 
-2893 
+2314 
.1928 
1653 
-1446 
.1286 
+1157 
+1052 
.0964 
.0890 
-0826 


Whole Depth of 
Tooth 


x 
S 


4.3142 
2.8761 
2.1571 
1.7257 
1.4381 
1.2326 
1.0785 
-9587 
8628 
-7844 
-7190 
-6163 
5393 
4314 
3595 
3081 
-2696 
-2397 
-2157 
-1961 
1798 
1659 
«1541 


To obtain the size of any part of a diametral pitch not given in the 
table, divide the corresponding part of 1 diametral pitch by the pitch 
required, 


As it is natural to think of gear pitches as the distance between 
teeth the same as threads, it is well to fix in the mind the approxi- 
mate center distances of the pitches most in use. Or it is easy to 
remember that if the diametral pitch be divided by 3} we have the 
teeth per inch on the pitch line. 
in a 19 diametral pitch gear there are approximately 3 teeth per inch 
while in a 22 diametral pitch there will be just 7 teeth to the inch. 


By this method we easily see that 


PARTS OF TEETH 
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TABLE oF TootH PArts — Continued 


DIAMETRAL PITCH IN FIRST COLUMN 


Ros] Sa, ze) 88 re) 
= = 3°95 
ehade 1 ee Lee: ey | 2 
pass 55 A aes 2 
2a E Be os C4 
#. | SSB t Bo | gelepoae’ | cas 
e-) i} > E 
a S| H S E 0 = 
P Bs t s DY stf D’+f 
I5| .20904 .1047 -0666 51333 .0771 -1438 
16} .1963 -0982 .0625 -1250 07 23 -1348 
17| .1848 -0924 .0588 1176 .0681 .1269 
Pip ne a .0873 0555 (LETT .0643 -1198 
1g| .1653 -0827 -05 26 1053 .0609 -T135 
46}> . 537% .0785 -0500 .1000 -0579 +1079 
22| .1428 .O714 -0455 -0909 .05 26 -0980 
24] .1309 -0654 -O417 .0833 -0482 -0898 
26| .1208 .0604 0385 .0769 (0445 .08 29 
28| .1122 .050r .0357 -O714 .O413 .0770 
30] .1047 .05 24 -0333 -0666 .0386 .0719 
32] .0982 -0491 -0312 .0625 .0362 .0674 
34] .0924 .0462 -0294 .0588 -0340 -0634 
36| .0873 .0436 .0278 10555 -03 21 +0599 
38| .0827 -0413 -0263 .0526 -0304 .0568 
40| .0785 -0393 -0250 -0500 .0289 +0539 
42| .0748 -0374 -0238 -0476 .0275 -O514 
44] .0714 -0357 20227 -0455 .0263 +0490 
46+ .0683 0341 -O217 0435 -0252 .0469 
48} .0654 .0327 -0208 -O417 .O241 +0449 
50} .0628 0314 -0200 -04.00 -0231 +0431 
56] .o56r -0280 -0178 -0357 -0207 +0385 
60] .0524 .0262 .0166 0333 0193 .0360 


To obtain the size of any part of a diametral pitch not given in the 
table, divide the corresponding part of 1 diametral pitch by the pitch 


required. 


As it is natural to think of gear pitches as the distance between 
teeth the same as threads, it is well to fix in the mind the approxi- 
mate center distances of the pitches most in use. Or it is easy to 
remember that if the diametral pitch Le divided by 34 we have the 


teeth per inch on the pitch line. 


By this method we easily see that 
in a 10 diametral pitch gear there are approximately 3 teeth per inch 
while in a 22 diametral pitch there will be just 7 teeth to the inch. 
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GEAR WHEELS 
TABLE OF TOOTH PARTS — CIRCULAR PITCH IN FIRST COLUMN 


Sy Rohs = Ga; gf]. y se 
fl ale |P RISB 
Sra ee eee Beto es | Ba be 
shackle Petr te ss Getic Ee a | ca a ee |) Bm 
sad), §: (a, ieee | Se Ne dems Ses 
s\is| & |288| 88 | a3 138 | 38 | ao 

i 6 a 4S] As 
gie*| Sea | S tesla |e I eomes 
Pats P t s DY | stf | D’+f|P’X.31|P’X.335 
2 4 | 1.5708] 1.0000] .6366 | 1.2732] .7366 | 1.3732] .6200 | .6700 
1% | ws | 12-6755] .9375] .5968 | 1.1937] .6906 | 1.2874] .5813 | .6281 
1} # | 1.7952] .8750] .5570 | 1.1141] .6445 | 1.2016] .5425 | .5863, 
1g | ds |1-9333| -8125] 5173 | 1.0345] .5985 | 1.1158] .5038 | .5444 
1} % | 2.0944) .7500] .4775 | 9549] .5525 | 1-0299| .4650 | .5025 
tyy| 49] 2.1855] .7187] .4576| .or51| .52904| .9870| .4456 | .4816 
1# | r| 2.2848) .6875] .4377 | .8754| .5064| .9441] .4262 | .4606 
14 2 | 2.3562) .6666] .4244 | .8488] .4910] .9154] .4133 | .4466 
1z's5| 44 | 2.3936] .6562] .4178 | .8356] .4834 | .g012] .4069 | .4397 
1} $ | 2.5133] .6250] .3979 | -7958] .4604| .8583] .3875 | .4188 
15] $$ | 26456) .5937| 3780 .7560] .4374 | -8156] .3681 | .3978 
1} § | 2.7925] .5625| .3581 | -7162| .4143 | .7724] .3488 | .3769 
tys| 44 | 2.9568) .5312| .3382 | .6764] .3913 | -7295| .3294 | -3559 
I I 3.1416] .5000] .3183 | .6366] .3683 | .6866) .3100 | .3350 
48) 1k | 3.3510) .4687] .2984 | .5968) .3453 | -6437] .2906 | .3141 
$] IF |3-5904] -4375| -2785 | -5570) .3223 | .6007| .2713 | .2931 
43) 138; | 3.8666) .4062] .2586] .5173| .2993 | .5579] .2519 | .2722 
4#| 14 | 3.9270] .4000] .2546| .5092| .2946| .5492| .2480 | .2680 
#| 14 | 4.1888) .3750| .2387 | .4775| .2762| .5150| .2325 | .2513 
44) 12; | 4.5696] .3437] .2189 | .4377| .2532] -4720] .2131 | .2303 
$| 14 | 4.7124] .3333| .2122]| .4244] .2455 | .4577| -2006 | .2233 
$1 1% |5.0265| .3125] .1989 | .3979| .2301 | .4291| .1938 | .2094 
$| 1% | 5.2360] .3000] .1910| .3820] .2210| .4120| .1860 | .2010 
a a 5.4978] .2857| .1819 | .3638] .2105] .3923| .1771 | .1914 

S| 


5.5851] .2812| .1790| .3581| .2071 | .3862| .1744 | .1884 


To obtain the size of any part of a circular pitch not given in the 
table, multiply the corresponding part of 1” pitch by the pitch re- 
quired. 


As an example take a gear having 21 diametral pitch to find the 
various tooth parts. Take 1 diametral pitch and divide 3.1416 by 
21 to find the corresponding circular pitch, which is .14951. The 
tooth thickness is 1.5708 + 21 = .748; the addendum is 1.+ 21 = 
04761; the working depth is 2.+ 21. = .0g522; the depth below 


PARTS OF TEETH Tol 


TABLE OF ToorH PARTS 
CIRCULAR PITCH IN FIRST COLUMN 


a od cel a woe oS ‘ ies} 
Hei a cI ef ea 3 
A) a8 i oe 3 o aa 4 —s a 
=| ue a og A iS Fe Q B 
Aloe le ee aie | Sea we | e. (Glee lies 
| gs g |~s,/33) #8 2 SigllenoS aaleaceo: 
aie oe HO) See (Gone p a Gor] E28 || e's ee 
Bes, 3 sen | 3a | 55] 28 ac Be | 3s 
0] & a H ey b= A = = 
” 
P’ 7 t s | DY | stf | D’+f | P’x.31|P’X.335 
2 6.2832 | .2500 |.1592|.3183) .1842 | .3433 | .1550] .1675 


ah 7.0685 | .2222 |.1415|.2830| .1637 | .3052 | .1378 | .1489 
2% | 7.1808] .2187 |.1393].2785| .16r1 | .3003 | .1356 | .1466 
2 7-3304 | .2143 |.1364].2728] .1578 | .2942 | .1328 | .1436 
2k | 7.8540] .2000 |.1273].2546| .1473 | .2746 | .1240 | .1340 
2% | 8.3776| .1875 |.1194].2387| .1381 | .2575 | .1163 | .1256 
2% | 8.6394] .1818 |.1158].2316] .1340 | .2498 | .1127 | .1218 
3 9.4248 | .1666 |.1061|.2122) .1228 | .2289 | .1033 | .1117 
3% | 10.0531 | .1562 |.0995|.1989| .1151 | .2146 | .0969 | .1047 
34 | 10.4719 | .1500 |.0955|.1910] .1105 | .2060 | .0930 | .1005 
3% | 10.9956] .1429 |.0909).1819| .1052 | .1962 | .0886 | .0957 
4 |12.5664) .1250 |.0796|.1591| .og2z | .1716| .0775 | .0838 
4} | 14.1372] .1r11 |.0707|.1415| .o818 | .1526 | .0689 | .0744 
5 15.7080 | .1000 |.0637|.1273| .0737 | .1373 | .0620 | .0670 
16.7552| .0937 |.0597|.1194| .o6go | .1287 | .o581 | .0628 
53 | 17-2788 | .0909 |.0579].1158| .0670 | .1249 | .0564 | .0609 
6 | 18.8496 | .0833 |.0531|.1061| .o614 | .1144 | .0517 | .0558 
6} | 20.4203 | .0769 |.0489|.0978] .0566 | .1055 | .0477 | .0515 
7 | 21.9911 | .0714 |.0455].0910| .0526 | .og8x | .0443 | .0479 
74 | 23.5619 | .0666 |.0425|.0850| .0492 | .og17 | .0414 | .0446 
8 | 25.1327 | .0625 |.0398].0796| .0460 | .0858 | .0388 | .o419 
9 28.2743 | .0555 |.0354|.0707| .0409 | .0763 | .0344 | .0372 
IO | 31.4159] .0500 }.0318).0637| .0368 | .0687 | .0310 | .0335 
16 | 50.2655] .0312 |.0199].0398] .0230 | .0429 | .o194 | .0209 
20 | 62.8318] .0250 |.0159].0318] .0184 | .0343 | .o155 | .0167 
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To obtain the size of any part of a circular pitch not given in the 
table, multiply the corresponding part of 1” pitch by the pitch re- 
quired. 


pitch line in 1.1571 + 21 = .o551 and the whole depth is 2.1571 + 
21 = .1027 inches. These could also have been obtained by split- 
ting the difference between the figures for 20 and 22 pitch. The 
same can be done for circular pitch except that we multiply instead 
of divide. : 
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DIAGRAM FOR CAST-GEAR TEETH 


Tue accompanying diagram (Fig. 2) for laying out teeth for cast 
gears will be found useful by the machinist, patternmaker and drafts- 
man. The diagram for circular pitch gears is similar to the one 
given by Professor Willis, while the one for diametral pitch was 
obtained by using the relation of diametral to circular pitch. 


Hight from 
Pitch Line 


~.- Width of Bpace— - 
-—Working Depth of Tooth—~ 


+—— Width of Space— - 
— - Working Depth of Tooth—-—>~- 
~>——Whoie Depth of Toath—— ~ 


-——Whole Depth of Tooth_—- 


o” $ bd 2" 3” “" 


Fics. 2 and 3. 


By the diagram the relative size of a tooth may be easily deter- 
mined. For example, if we contemplate using a gear of 2 diametral 
pitch, by referring to line H K, which shows the comparative distance 
between centers of teeth, on the pitch line, it will be observed that 
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2 diametral pitch is but little greater than 1$ inches circular pitch, 
or, exactly 1.57 inches circular pitch. This result is obtained by 
dividing 3.1416 by the diametral pitch (3.1416 divided by. 2 equals 
1.57). In similar manner, if the circular pitch is known, the diame- 
tral pitch which corresponds to it is found by dividing 3.1416 by the 
circular pitch; for example, the diametral pitch which corresponds 
to 3 inches circular pitch is by the line H K a little greater than 1 
diametral pitch, or exactly 1.047 (3.1416 divided by 3 equals 1.047). 

The proportions of a tooth may be determined for either diametral 
or circular pitch by using the corresponding diagram. 

Continue, for illustration, the 2 diametral pitch. We have found, 
above, the distance between centers of teeth on the pitch line to be 
a little more than 1} inches (1.57 inches). The hight of tooth above 
pitch line B’ C’ will be found on the horizontal line corresponding 

2 pitch. The distance between the lines A’ B’ and A’ C’ on this 
line may be taken in the dividers and transferred to the scale below. 
Thus we find the hight of the tooth to be 4} inch. In the same 
manner the thickness of tooth B’ D’, width of space B’ E’; working 
depth B’ F” and whole depth of tooth B’ G’ may be determined. 

The backlash or space between the idle surfaces of the teeth of 
two gear wheels when in mesh is given by the distance D’ EB’. The 
clearance or distance between the point of one tooth and the bottom 
of space into which it meshes is given by the distance #” G’. The 
backlash and clearance will vary according to the class of work for 
which the gears are to be used and the accuracy of the molded pro- 
duct. For machine molded gears which are to run in enclosed cases, 
or where they may be kept well oiled and free from dirt, the backlash 
and clearance may be reduced to a very small amount, while for 
gears running where dirt is likely to get into the teeth, or where 
irregularities due to molding, uneven'shrinkage, and like causes, enter 
into the construction, there must be a greater allowance. The 
diagram is laid out for the latter case. "Those who have more favor- 
able conditions for which to design gears should vary the diagram 
to suit their conditions. This can be done by increasing B D and 
decreasing B E, and by increasing B C or decreasing B G, or both, 
to get the clearance that will best meet the required conditions. The 
same kind of diagram could be laid out for cut gears, but as tables 
are usually at hand which give the dimensions of the parts of such 
gears, figured to thousandths of an inch, it would be as well to consult 
one of these. 
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DECIDE upon the size wanted, remembering | that 1r2-pitch teeth 
are 75 deep and 8-pitch — as in the drawing — % deep, etc. Should 
it be 8 pitch, as shown in the cut, draw a circle measuring as many 
eighths of an inch in diameter as there are to be teeth in the gear. 
This circle is called the Pitch Line. Then with a radius § of an inch 
larger, draw another circle from the {same center, which will give 
the outside diameter of the gear, or % larger than the pitch eircle. 
Thus we have for the diameter of an 8-pitch gear of 24. teeth, 4°. 
Should there be 16 teeth, as in the small spur gear in the-cut, the 
: ae 


2 
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outside diameter would be 44°, the number of teeth being always 
two less than there are eighths — when it is 8 pitch — in the outside 
diameter. 

The distance from the pitch line to the bottom of the teeth is the 
same as to the top, excepting the clearance, which varies from } of 
the pitch to 75 of the thickness of the tooth at the pitch line. This 
latter is used by Brown & Sharpe and many others, but the clearance 
being provided for in the cutters the two gears would be laid out to 
mesh together just §. 

These rules apply to all pitches, so that the outside diameter of 
a 5-pitch gear with 24 teeth would be 4*; if a 3-pitch gear with 4o 
teeth it would be 47. Again, if a blank be 4} (4°) in diameter, and 
cut 6 pitch, it should contain 23 teeth. 


8 Pitch - 24 Teeth 
3%” Outside Diam. 


/ 8 Pitch - 16 Teeth 
24 Outside Diam. 


SS fener was 


Fic. 4. — Laying out a Pair of Gears 


AcTuAL SIZE OF DIAMETRAL PITCHES 


Tt is not always easy to judge or imagine just how large a given 
pitch is when measured by the diametral system. To make it easy 
to see just what any pitch looks like the actual sizes of twelve di- 
ametral pitches are given on the following page, ranging from 20 
to 4 teeth per inch of diameter on the pitch line, so that a good idea 
of the size of any of these teeth can be had at a glance. 


ACTUAL SIZES OF GEAR TEETH * TOS 
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LAYING OUT SINGLE CURVE TOOTH 


A very simple method of laying out a standard tooth is shown 
in Fig. 5, and is known as the single curve method. Having calcu- 
lated the various proportions of the tooth by rules already given, 
draw the pitch, outside, working depth and clearance or whole depth 
circles as shown. With a radius one half the pitch radius draw the 
semicircle from the center to the pitch circle. Take one quarter 
the pitch radius and with one leg at top of pitch circle strike arc 
cutting the semicircle. This is the center for the first tooth curve 
and locates the base circle for all the tooth arcs. Lay off the tooth 
thickness and space distances around the pitch circle and draw the 
tooth curves through these points with the tooth curve radius already 
found. The fillets in the tooth corners may be taken as one seventh 
of the space between the tops of the teeth. 


Tooth Curve Radlus 
_One quarter of Pitch Radiu® 


\ 


i 
__Onehalf 
Pitch Radius 

| ( 

Clearange or Whole Depth Circle ' VY 


* Working Depth 
i Base Circle for Toota Ares 


‘ Pitch Diameter 
\,___ Addendum or Outside Diameter 


Fic. 5.— Single Curve Tooth 


PRESSURE ANGLES 


WE next come to pressure angles of gear teeth, which means the 
angle at which one tooth presses against the other and can best be 
shown by the pinion and rack, Figs. 6 and 7. 

The standard tooth has a 14} degree pressure angle, probably 
because it was so easy for the millwright to lay it out as he could 
obtain the angle without a protractor by using the method shown 
for laying out a thread tool (see Fig. 14). As the sides of an involute 
rack tooth are straight, and at the pressure angle from the perpen- 
dicular, draw the line of pressure at 144 degrees from the pitch line. 
The base circle of the tooth arcs can be found by drawing a line 
from the center of the gear to the line of pressure and at right angles 
to it as shown, or by the first method, and working from this the tooth 


: 


. 


q 
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curve can be drawn by either the single-curve method or, as is more 
usual, by stopping the curve from two or more points on this same 
circle. 

The difference between the 14}- and 20-degree pressure angles 
can be seen by comparing Figs. 6 and 7. Not only is the tooth 
shorter, but the base is broader. The base circle for the tooth arcs 
is found in the same way as before. 

This form of tooth is largely used in automobile transmission and 
similar work. William Sellers & Co. use a 20 degree pressure 
angle with a tooth of standard length. 


Working Depth Pitch Circle m 
Outside Diameter y 


Neer or Bottom | r Circle for Tooth Arcs 
\ \ 
t 


Fic. 6. — Standard Tooth 


STUB-TOOTH GEARS 


Any tooth shorter than the regular standard length is called a 
“stub” tooth, but like the bastard thread there have been many 
kinds. In 1899 the Fellows Gear Shaper Company introduced a 
short tooth with a 20-degree pressure angle instead of the usual 14}- 
degree. This gives a broader flank to the tooth and makes a stronger 
gear, especially for small pinions where strength is needed. While 
the Fellows tooth is shorter than the standard tooth there is no fixed 
relation between them, as, on account of the tooth depth graduations 
of the gear shaper, it was thought best to give the new tooth depth 
in the same scale which is shown in the following table. This means 
that if the pitch is 4 it has the depth of a 5-pitch standard tooth 
divided as shown. The clearance is one-quarter the addendum or 
dedendum,. 
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TABLE OF TooTH DIMENSIONS OF THE FELLOws StuB-ToorH GEAR 


= 
— 
©! stub | HasDepth| Thickness 
£3 | Tooth | of Standard on Addendum by mea and 
O#| Pitch Tooth Pitch Line errors 
A 
+ 4 5 3925 +200 +250 
x 5 7 314 -1429 +1785 
4 6 8 .2017 125 1562 
4 7 9 +2243 III 1389 
zo 8 10 1962 -100 125 
Tr 9 re -1744 +0909 <1537 
43 10 12 +157 -0833 -1042 
44 12 14 1308 +0714 .0893 
iN 
‘ . Clearance or Bottom | \ 
\ \ Working Depth Base Clrole for Tooth Ares 
\ \ \ Outside Diameter ' va Circle pa] 
‘ \ \ | pp 
S 2 ise 
is = ee yg 
aN ee eal 


Fic. 7.— Stubbed Tooth 


The Nuttall Company also use a 20-degree stub tooth, but have a 
fixed length or depth in the following proportions. 


Addendum = .25 circular pitch instead of .3683. 
Dedendum = .30 X circular pitch instead of .3683. 
Working depth = .50 X circular pitch instead of .6366. 
Clearance = .0§ X circular pitch same as standard. 


Whole depth -55 X circular pitch instead of .6866, 
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TABLE FOR TURNING AND CurTtTinc GEAR BLANKS 


FOR STANDARD LENGTH TOOTH 


Pitch 16 12!) ||Pesr0 8 Pitch 16 12 Io 8 
peepee +135 .180 .216 270 Ten +135 .180 +216 270 
eee Outside Diameter Norge Outside Diameter 
10 False tr | 13] 5t | 3x6] 422 | Sis | 68 
II Feo eta erg allel ease 38 ary Sto 6f 
12 iS 11s Ty9 til 53 | 376 41z | Sio 6g 
13 J ty | tp 1% 54 3h so tn neal [alle 
4 12 49 55 STs 413 S19 78 
15 175 1a) ots 2% || 56 38 | 442 | Sto 74 
16 1} oe 10 24 57 3re Genera) Satiy 78 
TG Weitree pata otro 28 f= "58 a'32i he> Bh 7% 
18 1t Itz 2 ‘ 2h 59 Biron. eo 1) 675 73 
19 | 175 ee 219 2% || 60 hp Siz Oro 74 
20 aa 4 | 216 4 e 318 a a9 as 
21 Iz Iy 250 2 2 4 ST: 0 
22 | 1 2 2r6 | 3 63 | 41s | 5Srz | Ors | 8% 
23. | ts | 2ry | 2x5 | 3% |] 64 48 Siz | Oro | 84 
Ama tense 2x 210 34 || 65 | 4¥6 S13 On 83 
25 144 | 2¢2 | 210 | 38 || 66 4b oy Oro 8} 
26, | x} ayy 210 34) 67 | 4¥6| Siz 630 88 
27 | 48 | are | 215 | 38 || 68 | 48 Steak Ye 8} 
SOT fen ees ig cd Wee Gace linge ae si 7 8 
29 Say lle sey Shae | ASI) KORG: fio | 9 
30 ae ay 3x 4 qi Ho Ors oe sf 
nea atlube Re cliat Hosea eee lotic 
33. | 2x6 | 2% 319 48 || 74 44 Ors 745 9% 
34 | 22 33 319 441 75 | 4¢8| Ors | 720 98 
35 25 | 312 319 48 || 76 4 6x 710 | 94 
36 23 31 339 4% ||. 7 446 ors iro 9g 
+! + aos Io 
36 v ; 2 tu - ie re 6p 875 | 10s 
9 ae me 8 4 619 82 | rol 
39) |rare | Sts fo4te | SE Bo Tsk Cts | Bro | 108 
40 28 3uz | 419 54 |) 8t | Sts | Ore 8x5 TO} 
41 24t 313 430 53 82 54 7 3 80 10} 
42 at 312 410 5$ 83 | St 712 835 Tos 
43 | 245 | 3rz | 410 | 5§ 84 | 58 fie.| 86, | aos 
44 25 3ro 419 si 85 | Sts 71z 8x5 | 10% 
45 | 2h 3th | aro | 58 |) 86 [5% | fiz | Bie |x se 
4 S 4 450 7 \WSte | 7r2 Io 

47 | 3rs | 42 ats | 64 || 88 158 | 7% oF als 1} 
48 | 38 | 41% | 5 6t || 89 | 538] 7xz | Oxo | 18 
49 | 3rs | 4iz | Sav | 68 || 99 | 5%. | 7a | Oxo | 173 
50 | 3% 4x | Sro | OF || 92 [St8| 7rz | Oro | 1g 
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TABLE FOR TURNING AND CuTTING GEAR BLANKS 
FOR STANDARD LENGTH TOOTH 

Pitch 26-2 | ere 1 PUTS: Pitch i Pe ee 8 
eee +135 «180 | 216 | +270 ees ae 135 -180 216 | 270 
OSs Outside Diameter ue Outside Diameter 

92 | 5% 73 | Oxy et 133 | 8r5| 1ry4 | r3x5 | 16% 
93 | st | 7th | Oro | 228] 134 | 84 | tray | 13a’ | 17 
o4 | 6 8 Ors | 12 135 | 825] r1ge | 135 | 174 
95 ne Sry} Oro | 12h |] 136 | 88 | rra'y | 133% | r7t 
96 | 6 8yz | Oro | 128 || 137 | SH! rrey | 133% | 178 
97 | Os | Siz] oxo | 128] 138 | 8¥ | rr |} a4 | 27h 
98 | of | Bi | 10 | x2h|] x30 | 848] xxp | ray | x78 
99 | Gs | Bry | to's | 128] 140 | 8h | rrh2 | rays | 173 
roo | 6% 8x5 | Tox’s a“ 141 | 8$2| rr44 | 148) | x78 
ror | 6,5 8x5 | ross | 12 Daa Wii) | ACs 1434, | 18 
102 | 6 85 | tors | 13. |] 143 | Ons} tac | r4y5 | 18h 
103 | Gps | 823 | to's | 13$|] x44 | of | rary | rary | 18h 
104 | 68 813 | toss | 134] t45 | Ors} tats | 14y5 | 188 
ros | Ot} | 8th | tory | 139|) 140 | of | ts | rage | 18h 
106 | 6} 9 103° a 147 | Oys| t2yx | 14y%5 | 188 
107 | 648 | ory | Tox’ | 138|| 148 | 98 | t2ee | x5 | 184 
108 | 6§ Ors | Ir | 13#|} 149 | Ore] tee | 15h | 18h 
tog | OL | ons | 1x5 | 134]] 150 | OF | tak | 15¥5 | 19 
110 | 7 9xs | ttre | 24 |] 151 | ops] t2zy | 15385 | rob 
trr | 7s | Ors | 19's | 14h] 152 | O8 | redo | 15345 | 194 
112 | 7% Ors | Ix | 144 || 153 | ott] r2dd | 5x5 | 108 
113 | 7s | Ore | t1r'5 | 148 || 154 | OF | 13 | 159% | rod 
eh ies Orz | 1x5 ay 155 | ot8| 13rz | t5ro | 208 
115 | 7ys | Ope | tir | 148] 156 | of | 13% | x58 | 19% 
116 73 o4% | 1125 raf 157 | Oté| 132 | 1510 | 19% 
1x7 | (74% oth | x15 | 14 158 |1ro | ray | 16 20 
118 at To 12 15 159 | 1075] I3ypx | 1675 | 20h 
119 | 7s | topy | rays | 15$|] 160 | rok | ray | 1625 | 204 
120 | 7§ Toys | 125 a 16x | 10#5| 137’ | 16,3; | 203 
t2r | 744 | rops | 1235 | 15 162 |r1of | 1335 | 16; | 204 
122 | 74 | roxy | ray | x34 |] 163 | rope] 13¢y | 1625 | 208 
123 | 78 | tory | rays | 13|] 164 | rog | 1349 | 16%, | 208 
124 | 7§ Toys | 12y'5 au 165 | L075} 1314 | 16z%q | 205 
25 | 74% | tops | r2ay5 | 15 166 |ro4 | 14 1675 | 21 
126 | 8 Toyz | 12z55 | 16 167 | xofs| t4py | 16.5 | 214 
127 | 87g | toyy | 12y%5 | 6h] 168 | 108 | ray | 17 21} 
128 | 84 to}? | 13 16 169 | ro}}| ray’ | a7 py | 21% 
129 | 85 | 1044 | 1375 | 16 170 | x0} | ray’y | 1745 | 274 
130 | 8 ir I3y5 } 16 171 ri lazy | 1775 | 21% 
1g | & t1zy | 13x59 | 16 172 |10$ | ta4yy | 175 | 21 
132 | 8 11yy | 1370 | 16g || 173 | 1048) tage caf 
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PITCH DIAMETERS OF GEARS 
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PITCH DIAMETERS OF GEARS 
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GEAR CUTTERS AND CUTTING II5 


B. & S. INVOLUTE GEAR TOOTH CUTTERS 
No. 1 will cut wheels from 135 teéth to a rack. 
No. 1} will cut wheels from 80 teeth to 134 teeth. 
No. 2. will cut wheels ffom §5 teeth to 134 teéth. 
No. 2} will cut wheels from 42 teeth to 54 teeth. 
No. 3. will cut wheels from 35 teeth to 54 teeth. 
No. 3} will cut wheels from go teeth to 34 teeth. 
No. 4 will cut wheels from 26 teeth to 34 teeth. 
No. 43 will cut wheels from 23 teeth to 25 teeth. 
No. 5 will cut wheels from 27 teeth to 45 teeth. 
No. 54 will cut wheels from 1g teeth to 20 teeth. 
No. 6 will cut wheels from 17 teeth to 20 teéth. 
No. 64 will cut wheels from 15 teeth to 16 teeth. 
No. 7 will cut wheels ftom 14 teeth to 16 teeth. 
No. 73 will cut wheels from 13 teeth to 14 teeth. 
No. 8 will cut wheels from 12 teeth to 13 teeth. 


The eight cutters represented by the whole numbers constitute the 
fegular set of cutters generally used for each pitch of tooth. The 
half numbers increase the set to 15 and gives teeth which are theoret- 
ically more corfect. In some work special cutters are used for each 
gear but the 15 cutters in a set offer all that most cases require. 


TABLE SHOWING DEPTH OF SPACE AND THICKNESS OF TOOTH 
IN SpuR WHEELS, WHEN CUT WITH THESE CUTTERS 


Pitch Depth to be | Thicknéss of Pitch Depth to be |_ Thickness of 
of cut in Gear | Tooth at Pitch of cut in Gedr |Tooth at Pitch 
Cutter Inches Line. Inches || Cutter Inches Line. Inches 
1} 1.726 1.257 II 196 143 
| 1.438 1,047 12 180 131 
I 1.233 808 14 154 112 
2 1.078 -785 16 -135 .098 
ai 958 -607 18 .120 .087 
a -863 -628 20 -108 .079 
2 -784 -579 22 008 .O71 
3 -719 323 24 +090 065 
34 616 448 26 083 .060 
4 -539 +303 28 077 +056 
i 431 314 30 072 1052 
6 -359 262 32 .067 -049 
7 -308 224 36 060 044 
8 -270 +196 40 1054 -039 
9 -240 175 48 -O45 033 
10 -216 «157 


BLOCK INDEXING IN CUTTING GEAR TEETH 


Block or intermittent indexing is a method to increase the output 
of gear cutters by allowing the feed and cutting speed to be increased 
without unduly heating the work. This is done by jumping from 
the tooth just cut to a tooth far enough away to escape the local 
heating and on the following rounds to cut the intermediate teeth. 
While the indexing takes a trifle more time, the heat is distributed so 
that faster cutting can be done without heating and dulling the cutter. 

The following table gives the indexing of gears from 25 to 200 
teeth and is worked out for the Brown & Sharpe gear cutter but can 
be modified to suit other machines. 


GEARING 


116 


{ z ho | Fg] oS | oor} L|ogr yz |hh) 96] Q9]09 || 1212 89 | 90) oS | cor | b | Sgijz g9 | 96 ; Of | Cor 
z job | Fg} og} 09 | £} oz |}z |gZ | 06} 09} cor | § QS ||z job | of | of | oor | £] ozr iz |Ibg}] 06 | of | cor | ¢ tg ||? joP | tg | of | cor 
Z 199 | of | OS | cor | £ | g6r |} z Jz | zZ | of | oor | g | SSx j/z 89 | z£ | of | oor | £ | Grr |/z |zgQ} 06] of | cor | § ZQIlF jg6 | 06 | of | cor 
zZ |g6 | 06 | 09 | oor | § 961 |/z J99 | z£ | 9S | cor | $ | #Sx|/z |QZ | 96] of | oor] Q} Lrr//z |zs bg | of | cot | L] 1g || [96 | 06 | of | oon 
@ |gé | Pg} of | cor | £ | S6x |} z Jog | og | gq | oor | § | Ex Ilz g§ | 06 | 09 | oor | $ | grr |/z jog | 06 | of | oor | ¢ Og || # |G | 06 | of | oor 
Z [96 | 06 | og | oor | $ | 26x |} z |gZ | 06 0g | cor | S| zS1|/z [gh | 96 | Of | oor |g} Sxx//z |g | 06] of | oor | § 84 ||% |z6 | 06 | of | con 
@ gL | bg] OS | cor} £] 061 |/z JoS | tg | 09 | oor | Z| of: || z 94 | bg] of | oor | L/ tr1//e |b) 96 | of | oor |] LZ |}% lo | of | of | oor 
Zz | | Og | Og | Cor | $ | Ogx |] z [FL | 06 | 09 | cor | $ | gtx |/z 9S | 06 | og | oor | $ | z1r|lz 94 | 06 | of | cor | S$ | 94 ||P |gg | 06 | of | cor 
Z |PO | 06 | og | oor | § | gar |i z lob | og | g6 | oor | $ | Lpx||z Jor og | #L} oor |S | rrr jie jo$ |g} of | oor | L | Sz iit 9g | 06 | of | cor 
Z 189 | gb | Ph | cor | S | Ler liz gs | z£ | oS | oo1 |g | Str |/z |r |g} of | oor |Z} orriiz |bz | 06 | of Cor | S$ | HL |/h |hg | 06 | of | cor 
z |29 | ¥g} 09 | oor | £ | ogt || z [zZ | 06} 09 | oor | § | px || z 09 | o£ | Of | cor | £ | gor ||z |z£ | 06 | of | oor | $ | zz || zg | 06 | of | cor 
z jbl | cL | oS | cor |g | Sgr |]z [zS | 96/99] 06 |g} etx ilz 09 | 90 | of | cor | # | Sox iz joL | 06] of | oor | £ | of || + Og | 06 | Of | oor 
Z |zZG | 06 | 09 | cor | S$ | gx ||z job | 0g} $6 | oor | $} xbx/!z |zS | 06 09 | Cor | S| For |/z Job | og | oF | cor | $ | 6g || g£ | 06 | of | oor 
Z \zS|96]95}06 |6/zgr |lz joL | 06 | oS |os |¢ | obriiz 89 | 09 | of | cor | S| zor ||z |gg ] 06 | of | cor | § 89 ||P |9ZL | 06 | of | cor 
Z OS | o£ | og | cor | Z | ogt |/z Job | og | 26 | oor | $ SEI ||Z Jor | hg | o§ | cor | Z| oor ||z [49] 06 | of | cor | ¢ 49 ||% |tL | 06 | of | cor 
Z |8B | 06 | 09 | Cor | $ | g£1 |/z |gq | 06} 09 | oor | $ | gfx ||z |or Og | Of | oor jor] 66 |/z lob | og | tr | cor | $ | gq || lob 0g | gh | oor 
@ joL | 96 | o§ | cot |g} S£1 |}z |PS | tg] of | oor | Z| Sex |lz 86 | 06 | of | cor | $ | g6 ||z |zS |} 96] of | cor | + $9 ||% [9S | 96 | of | oor 
z |gS | ¥g] 09 | cor} 4) tL1|/z |L9 | 06 | 09 | oor | $ | bx ||z 96 | 06 | of | oor | $ | 96 ||z |g] 06] of | cor | ¢ $9 || |gq | 06 | of | cor 
Z 198 | 00] 09 | oor | S$ | zéx|/z |oZ | 96] of | oor | | C€x|!z |9L | 96 | oS | oor | + | $6 {Iz 98 | 0g | of | oor | $ | €Q|/F IPF | og | of | cor 
z of |og|zyjoL || xéx ||z jov | og] gg] oor |S | zer|/z |t6 | 06 | of | oor |s | +6 IIz Z9 | 06 | of | oor | $ | zQ||% |¢9 | 06 | of | cor 
Z 189 | #8 | OS | oor |Z] oLr Iz |zS | #g | O§ | oor | £ | ofr | z 29 | #g | Of | oor | 4/6 |/z lob | bg | of | co1 | £ | og || b zg | 06 | Of | cor 
z [g4 | 00/zS|96 |9| 691 jz [9g | tg | of | cor | £ | 6zr||z |z6 | 06 | of | oor | $ | z6 |Iz BS | 06 | of | cor | § | gS |) z Jog | 0g | of | cor 
Z |g | 06 | 09 | oor | $ | gor || z | | 06 | og | oor | $ | ger |}z Jz | zz | o£ | oor |e} 16 |\z 94 196 L of | oor | & | LS |b [gS | 06 | of | cor 
Z 199 | tg | oS | oor | £ | Sox |} z zh | of | of | oor |S QzI ||% JOS | oL | of | cor | L£ | 06 |/z |gS | 06 | of | cor | ¢ QS ||t [9S | 06 | of | cor 
Z |@g | 06 | og | cor | $ | tox || z JoS | tg} oS | oor | £ | Ser |lz 8g | 06 | of | oor | S| gg |le ltr 96 | oS | oor | + | SS || |S | 09 | of | cor 
@ |zS | ¥g} 09 | cor} Z| zgx || z |zQ | 06 | og | cor | § | ber || z 85 |g] of | oor |) Lg |le |PS | 06 | of | oor | s | S$ IIb |zS | 06 | of | oor 
Z [9h | 09 | of | cor | $ | rx || z |zg bg | of | oor | £ | €zx ||z |9g | 06 | of | oor | $ | 9g |/z |z$ | 06 | of | oor | § ea & jof | z£ | o§ | oor 
ty) my ty] sy 4 | om iz hy] oy ty | ts 
Se SE) FF BIZ ELIE] EI PVE SIE] BF] Blelel ee) Bllelelel eel e 
sicg|4/4 & o;ere | & & eic/4/ 4 saiisiegic|/4/4 ella /Sici/4/)4 
5/5 Ss) Fe WR 1S | 8 eal =a |i =a = Ss) Bie} s]s5 food aml =i = 
aja!) o/s a\/Aal msm! ois aia] Aly a ala; ma) olin! so aa; al oS 
2 mglo|&| 2/1 F Slay ole] BIE] Say olSl EE Sal al elfl & less slole&| & 
eielelalkigicie| Lisl x [8 z EES na ilies S/S/S) 8 (RITISiala| sl = 
Blea | A pe a WD Bla|a) 48 12 Bls/2/5 |e Si/2/2)5 
rhe | 8] e| Olle|szie]s p| Olleig/si18 e| Olle e/a] 8 e|/Olla|2/a 18 
B\s pig eet =| = 7/6 ele TIRE) io ae | =a) 
be] (o) wR S 7 (o) mn [e) mR 
o | ie g| |e a) |g B| |S 
@ o & & B & g a & 


90UQ 3 paxapuy ON | ema mmx mete tMnnnannnunnnnnne st 


YdlIND AVA AdavVHS GNV NMOUG AHL 


NO SMOOTg NI ONIOVdS aod ATdvV TL 


at 
Q 
a 
ts 
I 


ND 9q 0} aay | 


DIMENSIONS OF GEARS BY METRIC PITCH I17 


THE DIMENSIONS OF GEARS BY METRIC PITCH 


Module is the pitch diameter in mm. divided by the number of 
teeth in the gear. 

Pitch diameter in mm. is the Module multiplied by the number 
of teeth in the gear. 

M = Module. 

D/ = The pitch diameter of gear. 

D = The whole diameter of gear. 

NN = The number of teeth in gear. 

D” = The working depth of teeth. 


t = Thickness of teeth on pitch line. 
jf = Amount added to depth for clearance, 
Then 
Dt D 
M = NOUN rae, 
D'=N M. 
D =(N + 2) M. 
JDM » 38} 
N = Tan ae 
D”=2M. 
t =M 1.5708. Fic. 8 
ppeoas Mis 5 703 LS = .157 M. 


The Module is equal to the part marked “S” in cut, measured 
n mm. and parts of mm, 
Example: Module = 3.50 mm. too teeth. 
Pitch diameter = 3.5 X 100 = 350 mm. 
Whole diameter = (100 + 2) X 3.5 = 357 mm. 


PitcHEs CoMMONLY USED — MODULE IN MILLIMETERS 


Corresponding Corresponding 
Module English Module English 
Diametral Pitch Diametral Pitch 
+ mm, 50.800 4.5 mm. 5-644 
Z 33.867 5 5-080 
I 25.400 5-5 4.618 
1.25 20,320 * 6 4.233 
1.5 16.933 4q 3.628 
1.75 14.514 8 3-175 
2 12.700 9 2.822 
2.25 11.288 Be} 2.540 
2.5 10.160 II 2.309 
275 9.236 12 2.117 
3 8.466 14 1.814 
355 7-257 16 1.587 
4 6.350 
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SPROCKET WHEELS FOR BLOCK CENTER CHAINS 
N = No. of Teeth. E== 


C =Diameter of Round Part of 
Chain Block. Tan D = 
__ Sin, E 


B 
7] + Cos. £ 


B =Center to Center of holes in Chain 
Block. 
A = Center to Center of holes in side 


5 : i A 
links. Pitch Diam. = Sin.D’ 


Outside Diam. = Pitch Diam. + C. 
Bottom Diam, = Pitch Diam. — C. 

In calculating the diameter of 
Sprocket Wheels the Bottom Diameter is the most important. 


Fic. 9 


DIAMETER OF SPROCKET WHEELS— FOR BLOCK CHAINS 1” PITCH 
A Ot Al OC 325, 


No. of Teeth Pitch Diameter Outside Diameter Bottom Diameter 


Inches Inches Inches 

6 1.935 2.260 1.610 
7 2.250 2.575 1.925 
8 2.566 2.891 2,241 
9 2.882 3.207 2.557 
be) 3-198 3-523 2,873 
II 3-515 3-840 3-190 
12 3.832 4.157 3-507 
13 4-149 4-474 3-824 
14 4.466 4.791 4.141 
15 4.784 5-109 4-459 
16 5-102 5-427 4-777 
17 5-420 5-745 5-995 
18 5-738 6.063 5-413 
19 6.056 6.381 5-731 
20 6.374 6.699 6.049 
2I 6.692 7.017 6.367 
22 7.010 9.335 6.685 
23 7.328 7.653 7.003 
24 7.646 7.971 7.39 
25 7.964 8.289 7-639 
26 8.282 8.607 7.957 
27 8.600 8.925 8.275 
28 8.918 9-243 8.593 
29 9.237 9.562 8.912 


30 9.556 9.881 9.231 


Se 
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Calculating Diameters of 
Sprocket Wheels for Roller Chains 
WN = Number of Teeth in Sprocket 
P = Pitch of Chain 
D = Diameter of Roller 


__ 360° 

o= ay 
Pitch Diameter = pita Se 
Sin. $A 


Outside Diameter = Pitch Diameter + D 
Bottom Diameter = Pitch Diameter — D 


Fic. 10 


Diameter of Sprocket Wheels for Roller Chains 1” pitch where 
D = .45. 


DIAMETER OF SPROCKET WHEELS FOR ROLLER CHAINS OF 1” PITCH 
WHEN D = .45” 


No. of Teeth Pitch Diameter Outside Diameter Bottom Diameter 


Inches in Inches in Inches 

6 2. 2.45 1.55 
7 2-305 2.755 1.855 
8 2-613 3-063 2.163 
9 2-923 3-373 2.473 
10 3-236 3-686 2.786 
it 3-549 3-999 3-099 
I2 3.863 4 4.313 3-413 
13 4.179 4.629 3-729 
14 4-404 4.944 4,044 
15 4.809 5-259 4-359 
16 5-125 5-575 4.075 
: 17 5-442 5-892 4.092 
18 5-758 6.208 Y 5.308 
3 19 6.122 6.572 5-672 
\ 20 6.392 6.842 5-942 
at 6.747 7-197 6.207 
22 7-025 7-475 6.575 
\ 23 7:344 7-794 6.894 
} 24 7.661 8.111 7-21 
25 7-979 8.429 7-529 
26 8.206 8.746 7.846 
' 27 8.614 9.064 8.164 
28 8.932 9.382 8.482 
29 9-249 9-699 8.799 
| 30 9-566 10.016 9.116 
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Fic. 11. — Bevel Gear Parts 


BEVEL GEARS 


BEvet Gears are used to transmit power when shafts are not par- 
allel. They can be made for any angle, but are more often at right 
angles than any other.. Right angle bevel gears are often called miter 
gears. The teeth areor should be radial so that they are longer at the 
outerend. The names of parts are shown in Fig. 11. These should 
be noted carefully, particularly the face angles. The earlier editions 
measured face angle at right angles to the axis, but this is now changed 


as shown. 
LAYING OUT BEVEL GEAR BLANKS 


In laying out bevel gears, first decide upon the pitch, and draw 
the center lines B B and C C, intersecting at right angles at A as shown 


in Fig. 12. Then draw the lines D D to E E the same distance each 
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Fic. 12. — Laying out Bevel Gears 
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side of B B and parallel to it; the distance from D D to E E being 
as many eighths of an inch —if it be 8 pitch — as there are to be 
teeth in the gear. In the example the number of teeth is 24; there- 
fore the distance from D D to E E will be *, or 1} inches each side 
of B B. K K and L LF are similarly drawn, but there being only 
16 teeth in the small gear, the distance from K K to L L will be 4°, 
or t inch each side of CC. Then through the intersections of D D 
and LL, E E and LL, and E E£ and K K, draw the diagonals F A. 
These are the pitch lines. Through the same point draw lines as 
G G at right angles to the pitch lines, forming the backs of the teeth. 
On these lines lay off $ of an inch each side of the pitch lines, and 
draw,M A and WN A, forming the faces and bottoms of the teeth. 
The lines H H are drawn parallel to G G, the distance between them 
being the width of the face. 


The face of the larger gear should be turned to the lines M A, and 
the small gear to NV A. For other pitches the same rules apply. If 
4 pitch, use 4ths instead of 8ths; if 3 pitch, 3ds, and so on. 


Bevel gears should always be turned to the exact diameters and 
angles of the drawings and the teeth cut at the correct angle. 


NG=No, of Teeth in Gear 
NP=No, of Teeth in Pinion 
CG =Center Angle of Gear 
CP=Center Angle of Pinion 


ee 


Fic. 13. — Finding the Cutter to Use 


Proportions of Miter and Bevel Gears 
To Find the Pitch or Center Angle: 


Divide the number of teeth in the gear by the number of teeth in 
the pinion. This gives the tangent of the pitch angle of the gear. 
Or divide the number of teeth in the pinion by the teeth in the g 
and get the tangent of the pitch angle of the pinion. Subtracti 
either pitch angle from go gives the pitch angle of the other. 
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To Find the Outside Diameter: - 


Multiply the cosine of the pitch angle by twice the addendum 
and add the pitch diameter. 


To'Find the Outside Cone Radius or Apex Distance: 


Multiply the secant of the pitch angle of the pinion by 3 the pitch 
diameter of the gear. 


To Find the Face and Cutting Angles: 


Divide the addendum by the outside cone radius or apex distance. 
This gives the tangent of the addendum or outside angle. Subtract 
this angle from the pitch angle of the pinion to obtain the cutting 
angle of the pinion, and the face angle of the gear. Subtract the 
same addendum angle from the center angle of the gear to obtain 
the cutting angle of the gear and the face angle of the pinion. This 
gives a uniform clearance and is especially for use with rotary cutters, 


To Find Hight of Addendum at Small End of Tooth: 


Divide the addendum at the large end of the tooth by the outside 
cone radius. This gives the decrease in hight of the addendum for 
‘each inch of gear face. Multiply this by the length of the gear face 
and subtract the result from the addendum of the large end of the 
‘tooth. The difference is the hight of the addendum at the small 
end of the tooth. 


CUTTERS FOR BEVEL GEARS 


Lay out the bevel gears and draw lines A and B at right angles 
‘o the center angle line. Extend this to the center lines and meas- 
we A and B. The distance A = the radius of a spur gear of the 
same pitch, and finding the number of teeth in such a gear we have 
{he right cutter for the bevel gear in question. Calling the gears 
\ pitch and the distance A = 4 inches, Then 2 X 4 X 8 = 64 
eeth, so that a No. 2 cutter is the one to use. For the pinion, if B 
is 2 inches, then 2X 2X 8= 3 or a No. 4 cutter is the one to 


ad ise. 
t 
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USING THE BEVEL GEAR TABLE 


TAKE a pair of bevel gears 24 and 72 teeth, 8 diametral pitch. 
Divide the pinion by the gear — 24 + 72 = .3333. This is the tan- 
gent of the center angle of pinion. Look in the seven columns under 
center angles for the nearest number to this. The nearest is .3346 
in the center column, as all these are decimals to four places. Fol- 
low this out to the left and find 18 in the center angle column. As 
the .3346 is in the column marked .50 the center angle of the pinion 
is 18.50 degrees. Looking to the right under center angles for gears 
find 71 and add the .50 making the gear angle 71.50 degrees. Thus: 

Center angle of pinion 18.5 degrees. 
Center angle of gear 71.5 degrees. 

In the first column opposite 18 is 36. Divide this by the number 
of teeth in the pinion, 24, and get 1.5 degrees. This is the angle 
increase for this pair of gears, and is the amount to be added to the 
center angle to get the face angle and to be deducted to get the cut 
angles. This gives 

Pinion center angle 18.5 + 1.5 = 20 degrees face angle. 

Pinion center angle 18.5 — 1.5 = 17 degrees cut angle. 

Gear center angle 71.5 + 1.5 = 73 degrees face angle. 

Gear center angle 71.5 — 1.5 = 70 degrees cut angle. 

For the outside diameter go to the column of diameter increase 
and in line with 18 find 1.90. Divide this by the pitch, 8, and get 
-237, which is the diameter increase for the pinion. Follow the 
same line to the right and find .65 for the gear increase. Divide this 
by the pitch, .8, and get .o81 for gear increase. This gives 

Pinion, 24 teeth, 8 pitch = 3 inches + .237 = 3.237 in. outside dia. 

Gear, 72 teeth, 8 pitch = 9 inches + .o81 = 9.081 in. outside dia. 


To SELECT THE CUTTER 


Another way of selecting the cutter is to divide the number of 
teeth in the gear by the cosine of the center angle C and the answer 
is the number of teeth in a spur gear from which to select the cutter. 
For the pinion the process is the same except the number of teeth 
in the pinion is divided by the sine of the center angle. Formula 


NG N. 
Tangent of CG = NP' Tangent of CP = VG" 
> : NG 
Number of teeth to use in selecting cutter for gear = Cos CG" 
s 5 ee NP 
Number of teeth to use in selecting cutter for pinion = Sin CG’ 


Any pair of gears can be figured out in the same way, bearing in 
mind that when finding the center angle for the gear, to read the parts 
of a degree from the decimals at the bottom, and that for the pinion 
they are at the top. In the example worked out the tangent came 
in the center column so that it made no difference. If, however, 
the tangent had been .3476 we read the pinion angle at the top, 19.17 
degrees and the gear angle at the bottom, 70.83. By noting that 
the sum of the two angles is 90 degrees, we can be sure we are right, 


USING THE BEVEL GEAR TABLE 


BrvEL GEAR TABLE 
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Increase; | 
Divide by Teeth 


in Pinion 


Amgle 


Diameter In- 
crease; Divide by 
Pitch for Pinion 


SHAFT ANGLES 90° 
oH 
re Center Angle Hundredth Degrees 
q 
<3 
ie Left-hand Column read here 
2 wo 
og 
Sak 
O ° 17 233)))|25O 67 83 | 1.00 
° .0000] .0029] .0058| .0087| .o116| .o145| .0175 
1 | -2175] 0204] .0233| .0262| .0291] .0320| .0340 
2 | 0349] .0378] .0407| .0437] .0466] .0495| .0524 
3 0524] 0553] .0582| .0612| .0641| .0670} .c699 
4 .0699| .0729| .0758| .0787| .0816| .0846) .0875 
S .0875| .0904| .0934| .0963| .0992| .1022| .1051 
6 | .1051j .t080} .1110] .1139} -1160) .1198| .1228 
7 1228] .1257| .1278] .1317| -1346| .1376| .1405 
8 | .1405] .1435] -1465] .1495| .1524| -1554| .1584 
9 1584] .1614] .1644| .1673] .1703] -1733| -1763 
to 1763] .1793| -1823| .1853| -1883| -1914| -19044) 
It 1944| -1974| .2004| .2035| .2065| .2095| .2126 
12 2126] .2156] .2186] .2217] .2247| .2278] .2309 
13 2309] -2330| -2370] .2401| .2432) .2462] .2403 
14 2493) -2524] .2555] .2586] .2617| .2648| .2670 
15 2679| .2711| .2742| .2773| -2805| .2836| .2867 
16 2867| .2899| .2931] .2962| -2004) -3026| .3057 
17 | -3057| -3089] .3121| .3153| -3185) .3217| .3249 
18 | .3240| .3281| .33r4| .3346] .3378) -3411| -3443 
19 | -3443| -3476] .3508] .3541| -3574) -3607| .3640) 
20 | .3640| .3673| .3706] .3739) -3772| -3805| -38390 
21 | -3830| -3872| .3906] .3030] -3973| -4006) .4040) 
22 4040] .4074| .4108] .4142| .4176) .4210] .4245 
23 | -4245| .4270| -4314] -4348] .4383] -4417| -4452 
24 | -4452| .4487| .4522| .4557| -4502| -4628) .4663 
25 | -4663| -4600] .4734| -4770| .4806] .4841| .4877 
26 | .4877| -4913] .4950| -4986] .5022| .5059| -5005 
27 -5095| -5132| -5169| .5206] .5243] .5280| .5317 
28 | -5317| -5354| -5392| -5430] -5467| -5505) -5543 
20 5543| -5581| .5619] .5658) -5606) .5735) -5774 
30 | -5774| -5812] .5851] .5890) .5930 +5060) 6009 
Ph .6009| .6048] .6088] .6128] .6168) .6208) .6240 
32 | .6240| .6289| .6330| .6371| .6412| .6453) .6404 
33 -6494| .6536| .6577| -6619] .6661] .6703| .6745 
34 -6745| -6787| .6830| .6873] .6916| .6959| .7002 
35 +7002] .7046| .7089| .7133] .7177| .7221| -72605 
30 | -7265| -7310] .7355| -7400| .7445| .7490| -7530, 
37 | -7530) .7581| .7627) .7673| .7720| .7706) .7813 
38 | .7813| -7860] .7907| .7954| .8002| .8050| .8098 
30 | 8098) .8146) .8195| .8243) .8202| .8342) .8301 
4° 8301] .8441| .8491| .8541| .8501| .8642! .8693 
4t .8693| .8744| .8796| .8847| .8809| .8952| .9004 
42 “ -QIIO] .9163] .9217| .9271) .9325 
43 -9435| -9400| .9545| .9601) .0057 
44 +9770] .9827| .9884| .9942/1.0000 
45 .O117| 1.0176} 1.0235| 1.0295 1.0355 
{ 


Center Angle 
Degrees for Gear 


Diameter In- 
crease; Divide by 
Pitch for Gear 


Right Hand Column read here 
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SPIRAL GEARS 


THe term spiral gear is usually applied to gears having angular 
teeth and which do not have their shafts or axis in parallel lines 
and usually at right angles. Spiral gears take the place of bevel 
gears and give a smoother action as well as allowing greater speed 
ratios in a given space. When gears with angular or skew teeth 
run on parallel shafts they are usually called helical gears. 


Tue CALCULATION oF Forty-FrveE DrGREE Sprrat GEARS 


No. of Thick- 
Pitch Pitch of | Teeth ness of Circul 
of | Pitch | Spiral in | in Spur| Outside |Tooth at|Depth of] Clear | “pic” 
Cut-] Diam. |Inchesto| Same | Diam. | Pitch | Tooth | ance |i ae 1) 
ter One Turn | Curva- Line (Norma! 
ture (Normal) 


Multiply by Number of Add to 
Teeth in Spiral Gear P.D: 


a 0.70710 | 2.22142 | 2.828 | 1.0000 | 0.7854 | 1.0785 | 0.0785 | 1.5708 
at | 0.62855 | 1.97464 | 2.828 | 0.8888 | 0.6981 | 0.9587 | 0.060 1.3963 
24 | 0.56566 | 1.77707 | 2.828 | 0.8000 | 0.6283 | 0.8628 | 0.062 1.2566 
23 | 0.51425 | 1.61556 | 2.828 | 0.7273 | 0.5712 | 0.7844 | 0.0372 | 1.1424 
3 0.47140 } 1.48094 | 2.828 | 0.6666 | 0.5236 | 0.7190 | 0.0524 | 1.0472 
34 | 0.40406 | 1.26939 | 2.828 | 9.5714 | 0.4488 | 0.6163 | 0.0449 | 0.8976 
4 | 0.35355 | 1.11071 | 2.828 | 0.5000 | 0.3927 | 0.5393 | 0.0393 | 0.7854 
5 0.28283 | 0.88853 | 2.828 } 0.4000 | 0.3142 | 0.4314 | 0.0314 | 0.6283 
6 0.23570 | 0.74047 | 2.828 | 0.3333 | 0.2618 | 0.3505 | 0.0262 | 0.5236 
*4 0:20203 | 0.63469 | 2.828 | 0.2857 | 0.2244 | 0.3081 | 0.0224 | 0.4488 
8 0.47677 | 0.55534 | 2.828 | 0.2500 | 0.1963 | 0.2696 | 0.0196 | 0.3927 
9 0.15714 | 0.49367 | 2.828 | 0.2222 | 0.1745 | 0.2397 | 0.0175 | 0.3491 
10 0.14143 | 0.44431 | 2.828 | 0.2000 | 0.1571 | 0.2157 | 0.0157 | 0.3f42 
Ir 0.42856 | 0.40388 | 2.828 | 0.1813 | 0.1428 | 0.1961 | 0.0143 | 0.2856 
12 0.41785 | 0.37024 | 2.828 | 0.1666 | 0.1309 | 0.1798 | 0.0131 | 0.2688 
14 | o.roror | 0.31733 | 2.828 | 0.1429 | 0.4122 | 0.154r | 0.0112 | 0.22 
16 0.08836 | 0.27759 | 2.828 | 0.1250 | 0.0982 | 0.1348 | 0.0008 axe 
18 0.07855 | 0.24677 | 2.828 | orrrr | 0.0873 | 0.1198 | 0,0088 | 0.1745 


20 0.07071 | 0.222164 | 2.828 | ©:1000 | 0.0785 | 0.1079 | 0.0079 | 0.1571 
22 0.06428 | 0.20194 | 2.828 | 0.0909 | 0.0714 | 0.0980 | 0.0071 | 0.1428 


24 0.05892 | 0.48510 | 2.828 |, 0.0833 | 0.0654 | 0.0898 | 0.0065 | 0.1309 
26 0.05437 | 0.47081 | 2.828 | 0.0769 | 0.0604 | 0.0829 | 0.0060 | 0.1208 
28 0.05050 | 0.13865 | 2.328 | 0.071r4 | 0.056% | 6.0770 | 0.0056 | 0.1122 
30 0.04713 | 0.44806 | 2.828 | 0. 0.0524 | 0.0719 | 0.0053 | 0.1647 
32 0.04425 | 0.13901 | 2.828 | 0.0625 | 0.0491 | 0.0674 | 0.0050 | 0.0982 


36 0.03929 | 0.12343 } 2.828 | 0.0555 | 0.0436 | 0.0599 | 0.0043 pipe 
40 0.03533 | 0.8099 | 2.828 | 0.0500 | 0.0393 | 0.0539 | 0.0039 | 6.0873 
48 0.02944 | 0.09249 | 2.828 | 0.0417 | 0.0327 | 0.0449 | 0.0033 | 0.0654 


In considering speed ratios for spiral gears the driving gear can 
be taken as a worm having as many threads as there are teeth and 
the driven as the worm wheel with its number of teeth, so that one 
revolution of the driver will turn a point on the pitch circle of the 
driven gear as many inches as the lead of the teeth of the driver. 
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Divide this by the circumference of the pitch circle of the driven gear 
to get the revolutions of the driven. 

While the subject of spiral gears is rather complex if considered 
broadly, most of the difficulties disappear when they have a tooth 
angle of 45 degrees. It is perhaps for this reason that from 75 to go 
per cent. of the spiral gears used are made with this angle. 

This has the added advantage of being the most durable, although 
‘there is but a trifling increase in wear down to 30 degrees and the wear 
at 20 degrees is not serious. In cases of necessity even 12 degrees 
can be used without destructive wear. 

Where higher speed ratios than can be had with a 45-degree angle 
tooth are necessary, they can be laid out as will be shown later and 
can be cut on most milling machines. The usual change gears allow 
about two thousand different spirals to be cut. 

Where the angles are not 45 degrees, the gear with the greatest 
-angle must always be the driver. 

All of the tooth parts are derived from the normal pitch while the 
pitch diameters are derived from the circular pitch. These are never 
the same in two gears of a pair except when both are 45 degrees. 

As the diameter of a spiral gear does not indicate its speed ratio, 
the terms driven and follower are used in place of gear and pinion. 
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These gears are the simplest of all spirals to lay out and to make, 
the required speed ratios being obtained by varying the diameters, 
yprecisely as with spur or bevel gears, the rules for the speed ratio 
‘being the same in both cases. Moreover, the various factors required 
in laying out and making such gears can be reduced to the simple 
table shown. 

Such a table has been worked out by E. J. Kearney. With it any 
sone can quickly make the few calculations connected with any pair of 
45-degree gears having teeth~between 2 and 48 diametral pitch. 
This table will be found on preceding page: 
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EXAMPLE 


Let it be desired to construct a pair of spiral gears with 35 teeth in 
the gear and 16 teeth in the pinion, using a 10 pitch cutter. Using 
table on page 126 we have 

Pitch diameter = 0.14143 X 35 = 4.950. 

Outside diameter = 4.950 + 0.200 = 5.150. 

Pitch in inches to one turn of spiral = 0.44431 X 35 = 15.550. 

Nore. —A slight variation in one turn makes no practical dif- 
ference, hence the ordinary change gears furnished with a universal 
miller will usually be found sufficient. 

Number of teeth in spur with same curvature = 2.828 X 35 = 
98.980. 

Looking at B & S spur-gear cutter list, we see that 99 is between 
55 and 134, therefore we select a No. 2 cutter. 

In a similar manner using 16 as a multiplier we obtain the data for 
the pinion. This gives 2.262 as pitch diameter so that the center 


distance = 4.050 <f'2.262 3.606. 
2 


THE Various DIMENSIONS FOLLOW 


Gear Pinion 
Womber piiteethia-ti.ce tele aiecsturree ot oe 35 16 
RiGGh: Giatie ter cc ce wifes ch Sungt eyes Ras 4.950 2.262 
Outside diameters. «nc accel seals ae 5.150 2.462 
Pitch in inches to one turn .......... 15.550 7.108 
Ancleiotepirdl oh) te. tae estar 45° 45° 
Pitch on cutter wer. ster wart acess or 10 10 
ING; Ofiquiter S46 wx tes. thee ty ace aaobemt ans 2 3 
Whole:depth of tooth ......)0..-..;- 0.216 0.216 
Angleofishatts: tt ate ween aor g9o|° 
Center distance:of shafts. stir wse 1. = 3.606 
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As there is no direct solution for a pair of spiral gears their 
calculation is a tedious process and the result ‘must be found 
by trial. 

As numerous calculations are absolutely necessary, this formula 
should not involve division by large or fractional numbers and should 
contain the fewest possible operations. Such formulas are: 
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Let 
C = Center distance, 
P = Diametral pitch, : 
N, = Number of teeth in the driver, 
N2 = Number of teeth in the follower, 
Si = Spiral angle of driver, 
S2 = Spiral angle of follower. 

Then, 


Anes (secant Sy Ni) + (secant Sz No) | 
Je 
That is, the sum of the secant of the driving angle times the number of 
teeth in the driver, and the secant of the follower angle times the 
number of teeth in it divided by the diametral pitch equals twice the 
center distance. This formula is derived as follows: The secant of 
the spiral angle times the pitch diameter of a spur gear of the same 
number of teeth and pitch equals the pitch diameter of a spiral gear 
of that angle, the pitch of the spur gear being the same as the normal 
pitch of the spiral gear. Now for a spur gear the number of teeth 
divided by the diametral pitch equals the pitch diameter. Therefore, 


the secant of the spiral angle X a = the pitch diameter of a spiral gear. 
The combined pitch diameters times the center distance are equal to 
(Secant ASD P+ (Secant So X a 


or (secant S; N1) + (secant S: N2) for one diametral pitch. 


The quantity secant S; N; is the pitch diameter for the driver and 
secant S_ N» is the pitch diameter of the follower. To obtain the 
center distance for any other pitch, it is simply necessary to divide 
this last result by that pitch. 

A table of secants will furnish constants covering the entire range 
of angles; and therefore, all possible solutions for a pair of gears. 
_ After long experience in calculating spiral gears these are recommended 
_ by C. H. Logue as the best and simplest for all cases. 


Points to be Kept in Mind when Calculating Spiral Gears 


To assist in their use the following points should be kept in 
| mind: 
1. The diameter of a spiral gear increases with its angle. 
| 2. Therefore, the diameter of the follower will reduce as the driving 
_ angle is increased, although not necessarily in the same ratio. 
3. It is quite possible for the center distance to remain practically 
constant through quite a range of angles, the follower decreasing as 


| the driver is increased. This is especially true when the gear having 
| the greater number of teeth is the driver. 
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4. If the center distance is too great when the driving angle is 45 
degrees — it must not go below that in any case —a lower number 
of teeth must be selected for both driver and follower, while main- 
taining the same ratio, and another trial made using a much higher 
angle for the driver. 


5. The center distance will increase with the angle of the driver. 
This increase is more rapid when reducing than when increasing the 
speed of the follower. 


6. The number of teeth selected for each trial must be in proportion 
to the desired ratio. 


7. Forty-five degrees is commonly accepted as the most efficient 
driving angle. 


Selecting Secants and Trial Numbers of Teeth 


To calculate a pair of spiral gears, select secants for the desired 
angles, assuming the normal pitch, try out the value of 2 C with trial 
numbers of teeth for driver and follower. 

If the value 2 C is too small increase the number of teeth and try 
again. A very few calculations will show the number of teeth to 
secure the closest result. 

If the center distance thus found is not as desired the angles must 
be shifted, keeping in mind the general laws governing the change of — 
the center distance with the angle. 

It is often found that when the desired center distance is reached 
the driving angle is too large to be desirable. The only alternative 
is to change the normal pitch and try again. A slide rule will give 
approximate results. 

When there are limitations placed on the diameter of one or both 
of the gears the following formula is of value. It may also serve as 
a check on the above calculations. The pitch diameters are assumed. 


( pitch diameter of driver X ) 
Ton S = number of revolutions of driver. 


( pitch diameter of follower X ) 
number of revolutions of follower 


This will set a limit on the driving angle S;, to exceed which means 
that the gear will be too large. 
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REAL PITCHES FOR CIRCULAR PITCH 
SPIRAL GEARS 


THE accompanying table will be found convenient in figuring 
particulars for spiral gearing, as it eliminates much of the work by 
shortening the process, thus making it quite an easy and simple 
matter to find the dimensions for either helical gears with axes paral- 
‘lel to-each other or for gears with right-angle drive, 

Formulas for use with the table are as follows: Circumference on 
pitch line = real pitch multiplied by number of teeth. 

Lead of Spiral = Circumference on pitch line divided by the tan- 
gent. 

Pitch Diameter = Circumference divided by 3.1416. 

For whole diameter add the same amount above pitch line as for 
spur wheels of the same pitch as the normal pitch. 

The following is an example of the use of the table: A pair of 
wheels is required to be: Ratio, 6 to 1; normal pitch, 1 in.; driver, 
6 teeth; follower, 36 teeth; angle for driver, 66 degrees; angle for 
follower, 24 degrees. 

Referring to the table we find that the real pitch for the driver 
fis 2.4585. 


2.4585 X 6 (teeth) = 14.751 (circumference on pitch line). 
Cir. 14.751 + 2.246 (tangent) = 6.567 (lead of spiral). 

Cir, 14.751 + 3.1416 = 4.695 (pitch diameter). 

For the follower the real pitch 1s 1.0946. 

1.0946 X 36 = 39.4056, (circumference). 

Cir. 39.4056 + 0.4452 (tangent) = 88.512 (lead of spiral). 
Cir. 39.4056 + 3.1416 = 12.543 (pitch diameter). 


Another method of finding the lead of spiral is to multiply the 
real pitch by the number of teeth, but for this purpose take the 
real pitch of the mating wheel. 

In the above example we should have 


Real pitch of follower, 1.0946 X 6 = 6.5676 (lead of spiral). 
- Real pitch of driver, 2.4585 X 36 = 88.506. 


It will be noticed that there is a slight difference in the result 
‘out this is unimportant, as it is only brought about by the dropping 
of a few decimal points in the tangent. 
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SPUR-GEAR CUTTERS FOR SPIRAL GEARS 


Number of Teeth in the Spiral Gear 
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To find the number of a spur-gear cutter to be used in cutting a given 
spiral gear, locate the intersection of lines traced from the points 
representing the number of teeth and the spiral angle on the twe 
scales. The number in the area on the chart within which the inter- 
section falls is the cutter number of Brown & Sharpe’s involute cuttet 
system required. 
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SPIRAL GEAR TABLE 


_ WaILE it is better in every case to understand the principles in- 
‘olved before using a table as this tends to prevent errors, they can 
se used with good results by simply following directions carefully. 
‘he subject of spiral gears is so much more complicated than other 
vears that many will prefer to depend entirely on the tables. 

This table gives the circular pitch and addendum or the diametral 
itch and lead of spirals for one diametral pitch and with teeth hay- 
ag angles of from t to 89 degrees to 45 and 45 degrees. For other 
‘itches divide the addendum given and the spiral number by the 
squired pitch and multiply the results by the required number of 
eeth. This will give the pitch diameter and lead of spiral for each 
“heel. For the outside diameter add two diametral pitches as in 
our gearing. 

Suppose we want a pair of spiral gears with 10 and 8o degree angles, 

diametral pitch cutter, with 16 teeth in the small gear, having 10- 
segree angle and ro teeth in the large gear with its 80-degree angle. 

Find the to-degree angle of spiral and in the third column find 
.0154. Divide by pitch, 8, and get .1269. Multiply this by num- 
@r, of teeth — .1269 X 16 = 2.030 = pitch diameter. Add 2 
jitches — two $ = }and 2.030 + .25 = 2.28 inches outside diameter. 

The lead of spiral for 10 degrees for small wheel is 18.092. Divide 
y pitch = 18.092 + 8 = 2.2615. Multiply by number of teeth, 

2615 X 16 = 36.18, the lead of spiral, which means that it makes 
ne turn in 36.18 inches. 

For the other gear with its 80-degree angle, find the addendum, 

7587. Divide by pitch, 8, =.7198. Multiply by number of 
seth, 10 = 7.198. Add two pitches, or .25, gives 7.448 as outside 
|ameter. 

The lead of spiralis 3.1901. Dividing by pitch, 8 = .3988. Multi- 
‘ying by number of teeth = 3.988 the lead of spiral. 

When racks are to mesh with spiral gears, divide the number in 
ae circular pitch columns for the given angle by the required dia- 
»etral pitch to get the corresponding circular pitch. 
| If we want to make a rack to mesh with a 4o-degree spiral gear 
‘8 pitch: Look for circular pitch opposite 40 and find 4.101. Divid- 
'g by 8 gives .512 as the circular pitch for this angle. The greater 
ne angle the greater the circular or linear pitch, as can be seen 
)y trying an 8o0-degree angle. Here the circular pitch is 2.261 
| ches. 
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Angle of Spiral Degrees 


Small 
Wheel 
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SHAFT ANGLES go? FOR ONE DIAMETRAL PITCH 
he a rae be 
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eS =|. spiral, divide by the ce | 43 & 
eo lpeea required diametral | 2328 5-4 A 
‘OS 4 cz pitch and multiply eey noheo ke | 
oes |2on8 quotient by the re- | 293.8 ons a 
Ce a Be quired number of SE3 ibe £ 
SSE |S BER] — tecth SRee | ote | & 
88s |So%o Bo%e 383 ay 
S-¢ jaca 20.0.4 aq io) 
Ogg |C2SS RSS ogg cS) 
o 60 |oU AA ov AS ood & 
ist H & & a 
. One One Tooth . 
a * Tooth or Lead of Spirals or oa 
Addend Addendum 
Small | Small Small | Large Large Large Larg 
Wheel | Wheel Wheel Wheel Wheel | Wheel __ | Whee 
3-1419 | 1.0001 180.05 31420 57-208 180.01 80 
3:1435 | 1-0006 90.020 3-1435 28.653 90.016 88 
3-1457 | 1.0013 60.032 3-1458 10.107 60.026 87 
3-1491 | 1.0024 45.038 3-1402 14.335 45.035 86 
3-1535 | 1.0038 37.077 3-1527 11.473 36.044 85 
3-1589 | 1.0055 30.056 3-1589 90-5067 30.055 84 
3-1052 | 1.0075 25.728 3-1651 8.2055 25.778 83 
31724 | 1.0008 22.573 3-1724 7.1852 22.573 82 
3-1806 | 1.0124 20.082 3-1807 6.39024 20.082 81 
3-T900 | 1.0154 18.002 3.1901 5-7587 18.092 80 
3-2003 | 1.0187 16.464 3-2003 5-2408 16.464 79 
3-2145 | 1.0232 15.076 3-2105 4.8007 15.104 73 
3-2242 | 1.0263 | .13.966 3-2204 4-4454 13.088 77 
3-2377 | 1.0306 12.986 3.2378 4.1335 12.086 76 
3-2522 | 1.0352 12.138 3-2524 3.8637 12.138 75 
3-2679 | 1.0402 11.303 3.2678 3-6270 11.307 74 
3-2848 | 1.0456 10.417 3.2821 3-4203 10.745 73 
3-3116 | 1.0514 10.192 3-3032 3-2360 10.166 72 
3.3225 | 1.0576 9.6404 3-3225 3-0715 9.6404 7 
3-3430 | 1.0641 9.1848 3-3433 2.9238 9.1854 7° 
3-3050 | 1.0711 8.7662 3-3652 2.7904 8.7663 60 
3.3882 | 1.0785 8.3862 3-3833 2.0004 8.3862 68 
3-4127 | 1.0863 8.0300 3-4120 2.5503 8.0403 67 
3-4451 | 1.0046 7-7379 3-4391 2.4585 7-7242 66 
3-4061 | 1.1033 7-4332 3-4063 2.3062 74336 65 
3-4053 | 1.1126 7.1664 3-4052 2.2811 7.1663 64 
3.5258 | 1.1223 6.9108 3-5257 2.2026 6.9107 63 
3-5570 | 1-1325 6.6012 35575 2.1300 6.6916 62 
3-5018 | 1.1433 6.4790 3.5010 2.0026 6.4799 61 
3.6276 | 1.1547 6.2778 3-6277 2.0000 6.2832 60 
3-6650 | 1.1666 6.09079 3.6652 1.0416 6.0907 59 
3-7043 | 1.1701 5.9282 3-7044 1.8870 5-9282 53 
3-7487 | 1-1923 5-710 3-7459 1.8360 5-7680 57 
3-7804 | 1.2062 5.6181 3-7826 1.7882 5.6178 56 
3-8349 | 1.2207 5-4754 3-8351 1.7434 §-4779 55 
3.8830 | 1.2360 5.3431 3-8834 1.7013 5-3448 54 
3-0336 | 1.2521 5.2201 3-90261 1.6616 5.2200 53 
3-9867 | 1.2690 5.1028 3.0021 1.6242 5.1026 52 
4.0482 | 1.2867 4.0866 4.0416 1.5890 4.9920 sr 
4-TOIO | 1.3054 4.8873 4-1012 1.5557 4.3874 5° 
4-1626 | 1.3250 4.7885 4.1540 1.5242 4.7884 49 
4-2273 | 1.3456 4.0949 4.2272 1.4044 4.6948 | 48 
4-2956 | 1.3673 4.6005 4.2956 1.40602 4.6062 47 
4.3071 | 1.3901 4-522 4-3075 1.4395 4-522 46 
4.4428 | 1.4142 4.442 4.4428 1.4142 4-442! 45 
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Worms are cut with threads having a total angle of 29 degrees, 
similar to the Acme thread. Some use the same proportions as for 
the Acme, but most use a deeper thread such as the Brown & Sharpe, 
which is .6866 deep instead of .51 for a one-inch pitch as in the Acme. 
It is not easy to cut odd fractional pitches in most lathes, so regular 
pitches are cut and the circular pitch of the worm wheel is allowed 
to come in fractional measurements for pitch diameters and center 
‘distances. Having determined on the reduction as 4o to 1, the rel- 
ative proportions can be considered as follows: 

Assume a thread of 4 to the inch for the worm or a lead of } inch. 
Then as the reduction of 40 to 1 there must be 4o teeth in the worm 
gear, } inch from center to center of teeth or 10 inches in circum- 
‘ference on the pitch line or 3.18 inches. If a reduction of 20 to 1 
is wanted we can use the same gear but cut a double thread of 2 per 
jinch, which will give the same distance between teeth, but the worm 
‘gear will be moved two teeth every revolution of the worm. 

Some of the commonly used proportions are: 

No. of teeth pitch in inches 


3-1416 


Pitch diam. of worm gear = 


3.1416 


Di 1 OK eee erect 
va pinta eS Linear pitch 


2 
Diam. Pitch 


Outside diameter of gear for 60° sides = throat diameter + 2 (.13397 
chroat radius.) 


Whole depth of tooth of worm or worm gear = .6866 X linear 
ditch. 

Width at top of tooth of worm = .335 X linear pitch. 

Width of bottom of tooth of worm = .31 X linear pitch. 

Outside diam. of worm — single thread = 4 X linear pitch. 

Outside diam. of worm — double thread = 5 linear pitch. 

Outside diam. of worm — triple thread = 6 X linear pitch, 

Face of worm gear = } to } outside diameter of worm. 


Throat diam. of worm gear = Pitch diam. + 


| 
| Width of Face 


A comMon practice for determining the width of face or thickness 
lof worm wheels is shown in Fig. 15. Draw the diameter of the 
hvorm and lay off 60 degrees as shown; this gives the width of work- 
‘ng face, the sides being made straight from the bottom of the teeth. 
‘thers make the face equal to ¢ the outside diameter of worm, but 
§- the diameter of the worm is more common, 
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SPEEDS AND FEEDS FOR GEAR CUTTING 


(CincinNATI GEAR CuTtiInGc MAcHINE Co.) 


Range of different sizes of machines as follows: 
No. 3. Up to and including 4 diametral pitch. 
No. 4. Up to and including 3 diametral pitch. 
No. 5. Up to and including 2 diametral pitch. 
No. 6. Up to and including 1¢ diametral pitch. 


No. 


7. Up to and including 1 diametral pitch. 


For Carbon STEEL CuTrers RUNNING AT A PERIPHERAL SPEED OF 35 FEET 
PER MINUTE ON Cast IRON AND 30 FEET PER MINUTE ON STEEL 


| 


w 


Diametral Pitch 
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For Hicu Speep Street Cutrers RuNNING AT A PERIPHERAL SPEED OF 55 FEET 


PER MINUTE ON CAST 


Iron AND 80 FEET PER MINUTE ON STEEL 
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MILLING AND MILLING CUTTERS 


MILLING MACHINE FEEDS AND SPEEDS 


Tue determining of the proper feeds of milling cutters in the past 
vas usually a matter of guesswork, or experience, as a good many 
would term it, no absolute rule of any kind having ever been 
sstablished. 

A guide for determining the proper feed of milling cutters is found 
m ascertaining the thickness of the chip per tooth of the cutter. 

Taking, for example, an average size milling cutter working in 
cast iron, say 23 inches diameter, 3 inches long, with eighteen teeth, 
which is quite commonly used, and it will be found that the thick- 
aess of the chip per tooth is quite small, resulting in .oo18 inch, with 
1 table feed of 2 inches per minute. This is entirely too slow. Now, 
-omparing this cut of .co18 inch with a lathe tool cut, it will be seen 
hat such a chip in a milling cutter is much smaller and is far more 
mjurious to the cutter than a heavier feed, since the cutting edge of 
1 tool will hold up longer in cutting into the metal instead of scrap- 
ng it. 

A cutter is very seldom ruined by the feed, but is generally ruined 
oy overspeeding it. For instance, with a cutter of thirty teeth with a 
sable feed of .300 inch per revolution, the chip per tooth will then 


«300 
my be Pa = .oro inch thick — still quite a light cut when compar- 


mg it with a lathe tool chip. Hence in many cases of milling, if the 
feeds are guided by the thickness of chip per tooth, a much faster 
‘eed would be used, since it is evident that the heaviest feeds, com- 
aratively, give only a thin chip per tooth. 


CuttInc SPEEDS 


The Brown & Sharpe Mfg. Co. recommends a cutting speed of 65 
‘eet per minute for carbon and 80 to 1oo feet per minute for high 
speed milling cutters under average conditions. On soft cast iron, 
iaving a tensile strength of about 13,000 pounds — the feed recom- 
mended is 0.148 inches per revolution or about 9 inches per 
minute for carbon cutters. With a medium cast iron of about 
3,000 pounds tensile strength, the same speed is maintained but 
he feed reduced about } or to 6 inches per minute. For high speed 
cutters the feed can run up to 0.26 inch per revolution on the softer 
‘ron. 

I4l 
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On steel of 65,000 tensile strength, with a cut 6 inches wide by ,; 
inch deep, a feed of 16 inches per minute can be maintained for long 
periods. At 60 revolutions per minute and a feed of 0.262 per reyo- 
lution 18 cubic inches per minute was removed with 21 horse- 
power. 

It is not always advisable to maintain the highest cutter speeds as 
a slower speed and heavier feed will prevent vibration and chatter. 
These are not maximum results but can be attained under regular 
working conditions. The horsepower required for removing a cubic 
inch of metal per minute on the milling machine may be safely con- 
sidered as 1} horsepower for steel and ¢ horsepower for cast iron. 


THe Action or A MiIniinc CurTer 


Experiments carried on with cutters at the works of the Cincinnati 
Milling Machine Company and extending over several years, have 
led to results of general interest. These tests covered milling cutters 
of various types. 

The action of the ordinary milling cutter is not a true cutting 
action, as it is commonly understood. By a true cutting action is 
meant the driving of a wedge-shaped tool beadoust the work and the 
chip and, although this definition : not based on a generally accepted 
meaning of the term, it is believed that it expresses fairly well what 
most mechanics understand by cutting. Practically all milling 
cutters have their teeth radial and this, of course, excludes the possi- 
bility of driving a wedge between chip and work. The tooth com- 
presses the metal until it produces a strain great enough to cause a 
plane of cleavage at some angle with the direction of the cutter. It 
then begins to compress a new piece, push it off, and so on. This at 
least seems to be the action of the cutter, judging by the form of the 
chips. These chips are in the form of needles or small bars. 

The chip taken by a milling cutter varies very materially from 
those taken by a lathe or planer tool. These latter tools make chips 
of uniform section, whereas the section of a milling chip increases 
from zero to a maximum. 

Fig. 1 shows a milling chip as it would appear, if no compression or 
distortion took place. The proportions are very much exaggerated, so 
as to bring its typical shape clearer into view. The width A B at 
the top is equal to the feed per tooth. The height B C is the depth of 
cut. The length B D is the width of cut. The section M NO P, 
shown halfway on the chip, is a normal section and a measure of the 
amount of work which was done at the time the cutter passed the 
point M. 

Fig. 2 shows the action of a milling cutter, with center O, when the 
cutter is rotating and the work is feeding at the same time. The 
tooth A B sweeps through the path BC. When the point B has 
reached the position B,, a new tooth starts cutting. By this time O 
has advanced to position Os, and the new tooth Az Bz is not yet ina 
vertical position, when the point Bz, touches the work. When the 
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cutter revolves, this point B, must penetrate into the work and com- 
press the metal of the work. The result will be spring in the arbor. 
When this spring has assumed certain proportions, the blade or tooth 


Fic. t—Chip As- Fic. 2. — Action Fic. 3. — Coarse pitch 
sumed to be pro- of Milling Milling Cutter 
duced by Cutter Cutter 
without distortion 


begins to remove a chip. This may be assumed to take place in the 
position B;, the tooth simply gliding over the work from B: to B3. 
This action must necessarily be very harmful to the cutter, and it 
was believed that this, perhaps more than any other action of the 
cutter, caused its dulling. It would be especially severe with light 
cuts, as a relatively small amount of spring would allow the point 
By to travel through a large arc. It would be quite possible that a 
tooth should fail entirely to take a chip, and that the succeeding tooth 
would take a chip of double the amount. 

This peculiar action of the milling cutter is inherent in its con- 
struction and cannot be avoided. This question then is how to 
minimize these harmful results. 

Another feature, which limits the ability of a milling cutter to 
remove metal, is the proportion between the chip to be removed and 
the amount of space between two adjoining teeth. Such a limitation 
does not exist with lathe or planer tools, where the chips have un- 
limited space in which to flow off. 


Form or Toot In THE NEW CUTTER 


The foregoing considerations led to a gradual evolution of spiral 
milling cutters. At first, the number of teeth of spiral mills was only 
slightly diminished, as it was thought that some element which was 
not considered might affect the result. Gradually the spacing was 
increased and the cutters, as now used, have taken the forms shown 
in Fig. 3. 

Two sinnidare sizes are used, although other sizes are required for 
special cutters and special gangs. The standard diameters are 3} 
inches and 4} inches. The 33-inch diameter cutters are made with 
nine, and the 43-inch diameter cutters with ten teeth, which corre- 
sponds to a spacing of about 1} inches. The point of the tooth has a 
land of #y inch, and the back of the tooth forms an angle of 45 degrees 
with the radial line. The chip space is approximately four times as 
great as in the usual standard cutter of the present time and is formed 
with a ;';-inch radius at the bottom. F 
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ResuLts or Trsts 


Very satisfactory results were obtained with these cutters. Figs. 
4, 5, and 6 show the results of tests made with cutters with §-inch, 
#-inch and r}-inch spacing. Cuts were taken on cast-iron test 


8 10 121416 18 2 4 6 8 10 12141618 
hes per Minute Feed, Inches per Minute 


Milling Cutters and their Efficiency 


6 
Feed, Inc! 


blocks. It will be noticed that the same amount of power is required 
to take a cut 4-inch deep and with 10.4 feed with a cutter of §-inch 
pitch, and a cut } inch deep and with 13.5 feed but with a cutter 
14-inch pitch. 

Therefore there is a large increase in the amount of metal which 
can be removed with the same amount of horsepower, by using these 
wide-spaced cutters. It was also found that for roughing on the ordi- 
nary work in the shop a cutter with the wider-spaced teeth would 
remain sharp for a longer period, notwithstanding that feeds had been 
increased. 


THE FINISH OF THE WORK 


It is a common belief that better finish can be obtained with teeth 
closely spaced, but experience with the wide-spaced cutter shows that 
there is no ground for this belief. The grade of finish may be ex- 
pressed by the distance between successive marks on the work. These 
marks are revolution marks and not tooth marks. It is practically 
impossible to avoid these revolution marks, They are caused by 
the cutter not being exactly round or quite concentric with the hole, 
by the hole not being of exactly the same size as the arbor, by the 


arbor not being round} by the straight part of the arbor not being | 


concentric with the taper shank, by the taper shank not being round 
or of the same taper exactly as the taper hole in the spindle, by this 
taper hole being out of line with the spindle, by looseness between 
the spindle and its bearings, etc. Each of these items is very small 
in any good milling machine; yet the accumulation of these little 
errors is sufficient to cause a mark, and this mark needs to have a 


depth of only a fraction of a thousandth of an inch to be very plainly — 


visible. As these marks are caused by conditions which return once 


for every revolution of the cutter, it is plain that the spacing of the — 


teeth can have no effect on the distance between them and, therefore, 
on the grade of finish. This has been proven by actual tests. 


wits — 
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THe Cure BREAKER 
It is generally believed that for finishing alone a milling cutter 
should be used without chip breakers, the effect of the chip breaker 
being to scratch the surface. To overcome this trouble, chip break- 


1 
| 

oyttol Fig.7 
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Fic. 8. — Taper Shank End Mills ' 
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ers are made as shown in Fig. 7 with clearance at both corners. This 
prevents the tearing up of metal with the result that a cutter with 
these chip breakers produces as good a finish as one without chip 
breakers. 


Enp MILs 


Fig. 8 shows the end mills which are now considered standard by 
the Cincinnati Milling Machine Company and which fill practically 
all requirements. They are made in sizes of 1 inch, 14 inches, 1 
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inches and 2 inches in diameter, the smallest with four, and the 
largest with eight teeth. In order to preserve the strength of the 
teeth it is necessary to mill the back of the teeth of the three smaller 
sizes with two faces. Their action is remarkably free. A 2-inch 
taper shank end mill milled a slot 134; inches deep in a solid block 
of cast iron at a rate of 6 inches per minute. The block was 


Fic. 9.— Spiral Shell Cutters 


clamped to the table of the milling machine and the knee was fed 
upward. The same cutter would remove from the end of the casting 
a section 14 inches wide and 13 inches deep. Under the latter con- 
ditions, the chips would free themselves from the cutter and these 
chips were rolled up in pieces much like the chips obtained from a 
broad planer tool, when taking a finishing cut. This cut was taken 
with a feed of rr inches per minute. Another similar cut, but x inch 
and 1} inches in section, was taken with a feed of 33 inches per 
minute. 
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Fig. 9 shows the shell end mills of the wide-spaced type, which 
ire now considered standard for their use by the Cincinnati Milling 
Machine Company, and Figs. to and 11 show the side mills. 
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When milling steel, a heavy flow of oil on a milling cutter, forced 
by means of an oil pump, is just as essential as the great volume of 
oil which is used on automatic screw machine tools, which would 
not hold up one-half hour if not so flushed. The life of a milling 
cutter amply lubricated will be materially prolonged and it will be 
capable of standing a much heavier feed. 
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The leads of the Brown & Sharpe Cutter 


Spirals are as follows: 
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Diam. of Cutter Lead Diam. of Cutter Lead 
£% 7.29" 2" 31.5" 
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MILLING HEART-SHAPED CAMS 


One method of producing heart-shaped cams is as follows: 

Lay out the curve of the cam roughly, as in Fig. 1. Drill and re- 
move the outside stock, being sure to leave sufficient stock to over- 
come errors in laying out. Put the cam on the nut arbor and tighten 
securely. If the roll of the cam is } radius, select a milling cutter 
having the same radius, as the roll of the cam must come to the lowest 
point, which it would not be able to do if a cutter of a smaller radius 
than that of the roll were used. It would also make a difference to 
the other points on the curve of the cam, which is not quite so 
apparent at first glance. 


CCCI Gime ely, 
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Fic. 1, — Method of Laying Fic. 2.— Position of Cam and 
Out Cam Cutter when Commencing 
to Mill 


Selecting an Index 


THE next operation is to place the cam between centers on the 
milling machine, having the cutter in line with the vertical radius 
of the cam, at its lowest point. Next choose an index circle which 
will give a division of the cam such that the rise of each division will 
be in thousandths of an inch, if possible. For this cam take a circle 
which will give 200 divisions. As this will make roo divisions on 
a side, the rise of each division will be 0.011 of an inch. Now raise 
the table to the required hight, starting at the lowest point of the 
cam, and mill across, as in Fig. 2. 
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Moving the Table 


For the other cuts lower the table o.orr each time, and revolve 
the cam one diviSion until the highest point of the cam is reached, 
then raise the table o.o11 for each division of the cam. 

When the cam comes from the milling machine there will be found 
to be small grooves left between the cuts. These may be easily 
removed by smoothing off with a file without impairing the accuracy 
of the cam. 

Most screw-machine cams can be made in this manner, and they 
will be found to be more accurate than if laid out and filed to the 


line, and also much easier to make after one has become accustomed 
to the method. 


MILLING CAMS BY GEARING UP THE 
DIVIDING HEAD 


By the method here shown, cams of any rise may be milled with 
the gears regularly furnished with the milling-machine. 


| Angle of Elevation 
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Fic. 3.— Diagram for Angle of Index Head 


With the head set vertically the lead of the cam would be the same 
as the lead for which the machine is geared, while with the head 
horizontal and the milling spindle also, a concentric arc, or rest, would 
be milled on the cam, regardless of how the machine was geared. 
By inclining the head and milling spindle, we can produce any lead 
on the cam less than that for which the machine is geared. 

The method of finding the inclination at which to set the index 
head is shown in Fig. 3, and is simply the solution of a plain right- 
angled triangle, in which the hypothenuse represents the lead of the 
machine, and one of the other sides represents the lead we wish to 
produce on the cam. By dividing the latter by the former we get 
the sine of the angle of inclination. 

Take for illustration a plate cam having }-inch rise in 300 degrees. 

360 
Bee X $= 0.55, 
which is the lead we want on the cam, while the slowest lead for which 
the B & S. machine can be geared is 0.67 
0.15 


0.67 = 0.224. 
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Consulting a table of sines, we find 0.224 approximates closely the 
sine of 13 degrees, which is the angle at which to set the head, and 
if the milling spindle is also set at the same angle, the edge of the 
cam will be parallel with the shaft on which it is to run, Fig. 4 
shows a milling-machine set for this job, 

When a cam has several lobes of different leads, we gear the 
machine up for a lead somewhat longer than the longest one called 
for in that cam, and then all the different lobes can be milled with 
the one setting of gears, by simply altering the inclination of head 
and milling spindle for each different lead on the cam. 

If the diameter of the cam and the inclination of the head will 
admit, it is better to mill on ‘the under side of the cam, as that brings 
the mill and the table nearer together and thus increases rigidity, 
besides enabling us to easily see any lines that may be laid out on 
the flat face of the cam. Also the chips do not accumulate on the 
work, 


Fic. 4.— Dividing Head Set for Cam Milling 


The work is fed against the cutter by turning the index crank, 
and on coming back for another cut we turn the handle of the milling- 
machine table. As a result the work will recede from the cutter 
before the cam blank commences to turn, owing to back lash in the 
gears, thus preventing the cutter from dragging over the work while 
running back. 

In this way we use to advantage what is ordinarily considered a 
defect in machine construction. 

The milling-machine, when used as shown in Fig. 4, will be found 
to be more rigid than when the head is set in the vertical position, 
and the cams will work more smoothly on account of the shearing 
action of the cutter. 

One possible objection to the method here advocated is the neces- 
sity of using, in some cases, an end mill of extra length of tooth. In 
practise, an end mill }-inch diameter and with a 34-inch length of 
tooth is not unusual; but the results in both speed and quality will 
be found entirely satisfactory. 
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TABLES OF SETTINGS FOR MILLING SCREW 
MACHINE CAMS 


CoMPUTED By THE CINCINNATI MILLING MAcHINE Co, 


On the preceding pages an explanation is given of the methods of 
computing the angle at which to set the dividing head and milling 
head for cutting spiral screw machine cams or other cams of similar 
form to any desired lead. For leads below 0,6 inch the method 
referred to will be of direct service, but where the lead is greater than 
0.6 inch the following tables can be used to great advantage as these 
give at once the settings of dividing head and vertical milling attach- 
ment for leads from 0,6 inch to 6 inches. 

These tables give all the information necessary and it only remains 
for the milling machine operator to select the lead of the desired cam 
from the tables and set up for the corresponding change gears and 
angles. , 

In setting the vertical milling attachment read the angle direct 
from the dial. Example: if the angle given in the table is 393 
degrees, set the spindle 393 degrees from its vertical position, 


Fic, 5,— Milling Cams 


In setting the dividing head, subtract the angle in the table from 


- go degrees. The difference represents the angle to which the dividing 


head spindle must be raised from the horizontal position. 
Example: The angle given in the table is 393 degrees. 90 degrees — 


~ 303 degrees equals 50} degrees. 


2 


Set the dividing head spindle 503 degrees up from the horizontal 
position. This angle is read direct from the dial. The set up is 
shown in Fig. 5. 

The tables may of course be used in connection with the cutting of 
any other similar cams. 


156 MILLING AND MILLING CUTTERS 


Gear on Worm 
ist Intermediate 
ond Intermediate 
| Gear on Worm 
ist Intermediate 
and Intermediate 
Gear on Screw 
Gear on Worm 
1st Intermediate 
and Intermediate 
Gear on Screw 


| 
: 
| 
| 
| 


‘ : 24 
-639 | 24| 86} 24/100'174]| .689 | 24) 86} 32!/100/39 -739 | 24! 72 = 100} 22 
‘ 3 28] 100/37 
-641 | 24) 86] 24/100 17 -691 | 24) 72) 24| 86)42 -741 | 24| 86) 28] 100/18: 
-642 | 24) 86} 32 100 44 -692 | 24) 86} 28)100/274|| -742 | 24) 72] 24/ro00}22 
-643 | 24] 86} 28]100'344]| .603 | 24] 72] 28}100/42 || .743 | 24] 86] 28/100/18 
-644 | 24| 86) 24}100 16 |) .604 24) 86] 32)100/39 || .744 | 24| 72] 24]/r00|215 
-645 | 24) 86) 24]100 154]| .605 | 24! 64) 24/100/304]) -745 | 24) 72) 28}100/37 
-646 | 24] 86) 24)100 154]| .696 | 24| 86) 28|100/27 || .746 24) 64) 24/ 100/34 
28 ~~ a 
72) 2 3 
28 100}16 


MILLING SCREW MACHINE CAMS 157 
Or) S o | o| 2 
a/8|8]e gis|8|e A1 S/S] 6 
5/3/1819 Bia] Blo Blo/ Ble 
AS Oo w ° oO wR ° oO vo u 
E\ae]/ bla Ela, ela Ble|sla 
a/S/8lq gl Sol Sh) a a|/8|/8lqa 
eel ae Onli. Snes ) o|¥leg]o 
co} Bla he Poppies a 1.4 2 a 9 o 
= no} wo] nw | no} Hla wl 
g/Sslelyls]/ Fi ¢ | slelyl sie & | slelz] sie 
SOR LSS lal 8 |O) Ba Gla A jo} a) sols 
750 | 24] 72] 28]100]364|| 800 | 24] 72] 28}roo/3x || .850 | 24] 72) 24] 86/24 
-751 | 24| 86] 28]r00/16 || .8or | 24| 72] 24] 86/304|| .852 | 24] 64] 24/1c0/19 
752 | 24| 72] 24|100]20 || 802 | 24] 64] 24] 86)4o || 851 | 24] 72] 28)100/24 
-753 | 24| 86] 32|/100/324!| .803 | 24] 86) 32|/r100}26 || -853 | 24] 72] 24] 86/232 
754 | 24| 72] 24|z00|r04|| .804 | 28] 86] 32]/r00/304] -854 | 24} 86) 32/100/17 
755 | 24| 72| 28]100]36 || .805 | 24] 72] 32!r00/4z || -855 | 24] 64] 28)100]352 
-756 | 24] 86] 28]r00}143]| -806 | 24] 86] 32)/100|254]| .856 | 24) 86] 32/100 164 
-757.| 24| 72| 24] 86|353]| -807 | 24] 64] 24] 86/303]| .857 | 24] 64} 24] 86/35 
-758 | 24| 86} 28|ro0|14 || 808 | 24] 72| 28)xo0}30 || .858 | 24) 64) 24]100/172 
-750 | 24| 64] 24|100/323]| 809 | 24] 64] 24]100;26 || .859 | 24] 72| 24] 86)229 
-760 | 24} 72] 28l1001353|| .8ro | 28] 86] 32/100/39 || -860 | 24] 64} 28)100/35 
761 | 24| 86] 28}rool13 || 8xx | 24] 72] 32|x00/40}| -86r | 24) 72] 28) 86/372 
762 | 24| 72| 24| 86/35 || 8x2 | 24] 72| 28]100|293|| 862 | 24] 72] 28)100|223 
-763 | 24| 72} 24|r00|174]| 813 | 24] 72] 24] 86]20 || -863 | 24] 64] 24/100)162 
.764 | 24] 86] 28|rool|r2 || .814 | 24] 64] 24] 86/39 || .864 | 28) 86] 32])100)34 
765 | 24) 72] 24lr00]r7 || 815 | 28) 86] 32|/r00/384]| .865 | 24] 64] 24|100/16 
-766 | 24] 72] 24] 86/343| -816 | 24] 72] 28|x00]29 || .866 | 24| 86} 32|100)14 
767 | 24| 72| 24|100|163]| .8r7 | 24] 72| 24] 86|283]| .867 | 24] 64] 24/r00\153 
-768 | 24| 86] 28|ro0|104]} .818 | 24] 72] 28} 86]4x || .868 | 24) 72| 28)rooj213 
.769 | 24} 86] 28|xoo}r0 || .8ro | 24} 86] 32/100/234]| .869 | 24] 64] 24/100)15 
770 | 24| 86] 32|100|303| .820 | 24] 72| 28)100/283]| .870 | 24| 86) 32/100|13 
771 | 24} 72| 24| 86134 || -82x | 24] 72| 24] 86/28 || .87x | 24} 64] 24/100 144 
-772 | 24| 72] 24|roolr5 || -822 | 24! 86} 32/100/23 || .872 | 24 86] 32|100|)12} 
-773 | 24} 86] 32|100]30 || .823 | 24] 72| 32/100/303)| -873 | 24| 64] 24/100)14 
-774 | 24) 72| 24|x00/143|| -824 | 24] 72] 28/100|/28 || .874 | 24| 72) 24 86)20 
-775 | 24| 64] 24|100/304|| .825 | 24] 72| 24| 86]273) .875 | 24) 86] 32/100;114 
-776 | 24| 72] 24|100|14 || .826 | 28} 86] 32/100/374)| .876 | 24] 64 28] 100/334 
777 | 24| 86| 32|100]203|| .827 | 24] 72| 28]100/274]| .877 | 24] 64] 24/100)13 
778 | 24] 72| 28|x00]333|| 828 | 24] 86] 32|/r00}22 || .878 | 24) 86) 32/100)103 
-779 | 24| 72| 24|x00/13 || -829 | 24] 86] 40/100]42 || .879 | 24} 64| 24/100\123 
.780 | 24] 72] 24| 86/33 || -830 |_24] 64] 24] 86/373 .880 | 24] 64] 24/100)r2 
78x | 24| 72] 24/r00|123|| .83r | 24] 72) 28] 86/40 || .88r | 24; 64} 28)100/33 
.782 | 24] 72| 28/100/33 || .832 | 24] 72] 24] 86/263) .882 | 24) 64] 24/100 beay 
-783 | 24} 64] 24/100] 2041] .833 | 24] 56] 24/100/36 |] .883 | 24] 64) 24 86/324 
.784 | 24| 72| 24|x00|1r4] .834 | 24| 86] 32/100]2r || .884 | 28] 86] 32/100/32 
785 | 24| 86] 32/100|284|| .835 | 24] 72] 32|100/384||'-885 | 24) 64] 24/100/103 
786 | 28] 86) 32]rool4r || -836 | 24] 72] 24} 86/26 .886 | 24] 64] 24|100/10 
787 | 24] 64] 24|roo]29 || .837 | 24| 72] 28) 86/303) .887 | 24] 72| 24) 86|174 
.788 | 24| 72] 24|r00/z0 || .838 | 24] 56] 24)100/353)| .888 | 24] 64) 24 86|32 
789 | 24] 72| 24| 86/32 || .830 | 24] 86] 32|r00]/20 || .889 | 24] 72| 24) 86|r7 
.790 | 24] 64], 24] 86l4x || .840 | 24] 64] 24}/ro0/a2t |} .890 | 24] 72 28|100|174 
791 | 24] 64] 24|100]284]| .S4x | 24] 72] 32|100/38 || -8or | 24} 56] 24|100/30 
-792 | 24| 86] 32|100|274]| .842 | 24] 86] 32/100]103]| .892 | 24] 72| 24| 86)163 
-793 | 24] 72| 24| 86/313] .843 | 24] 72] 28] 86/30 || “803 | 28] 86] 32/100)31 
-794 | 24} 72] 28] 86/43 || .844 | 24] 86] 32|r00/19 || .894 | 24] 72| 24] 86/16 
-795 | 24| 72] 28|rool3x3!| .845 | 24] 72] 28/x00/25 || .805 | 24] 64] 28)100)313 
-796 | 24] 64] 24} 86/404] .846 | 24] 64] 24/100]20 |) .896 | 24) 72| 24 86|154 
707 | 24| 72| 24| 86|3x || .847 | 24] 86| 32|100]/184) .897 | 24] 72| 28)100/16 
798 | 28] 86] 32|/r00]40 || .848 | 24] 64] 24/100]/194)| -808 | 24) 72| 24 86)15 
799 | 24| 72] 32|100|414|| .849 |. 24] 86) 32/100|/18 || .809 | 24] 72 28)100|154 


Gear on Worm 


rst Intermediate 


w 
a) a 
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o oe o}/2 
Elslis s/s 
5/2 |3| & Elslelé 
=| 2 5 S 3) 
Fle Ela S FI Ela 
Sls]s8ie al gi 8i)a 
= ° fo} = ° 
e Az} co) g fis} 2 
Si ePatS else (Rest ele @ 
§$ | Sijeisls § |S\/elB sla 8 
POT eh Bhs feel 4S he By Sa peel ys 
+900 | 24} 56] 24)100}20 |] .g50 | 24) 72/ 32| 86)40 || r.000 
-gor | 24| 72} 28/100/15 || .osx | 24) 56] 24|/100}224)| 1.001 
-902 | 24] 72! 24] 86j14 || .o52 | 28] 86] 32/100/24 || 1.002 
-903 | 24} 72| 28)100/144]| .953 | 24} 64] 24] 86/244] 1.003 
-904 | 24) 72] 24} 86/134]| .o54 | 24] 56) 24)100/22 || 1.004 
-905 | 24} 72) 28}100/14 || .955 | 24} 72] 32}100)264| 1.005 
-906 | 24] 72| 24) 86/13 |] .956 | 24] 64} 28) 861384| 1.006 
-907 | 24) 72] 28}100]134)| .957 | 24] 56] 24/100/214) 1.007 
.908 | 24} 72} 24] 86x24] .958 | 24] 72] 28] 86/28 || 1.008 
-909 | 24) 72] 28)100|13 |] .959 | 24] 72} 32|100}26 || r.co9 
-QI0 } 24| 72} 32]/100/314]| .960 | 24] 64] 24! 86/234) 1.010 
-QII | 24] 72| 28)100}124]| .961 | 24) 86} 44)100}384] 1.011 
+O12 | 24) 72) 28)r00j/12 || .962 | 24] 72| 28) 86/274) 1.012 
-913 | 24| 72] 24] 86}r1 || .963 | 28] 86] 32}100/229/ 1.013 
-9%4 | 24) 72] 28|100)/114]| .964 | 24] 56] 24!100 ae 1.014 
-O15 | 24] 72] 32/100/31 || .965 | 24} 64) 32|100/369] 1.015 
-916 | 24] 72] 24] 86/10 || .966 | 28] 86] 32|100/22 || 1.016 
+917 | 24] 72] 28)100|104]| .967 | 24] 56] 24]100)20 || 1.017 
-918 | 24] 64} 28}r00}29 || .968 | 24] 56] 24) 86/36 || 1.018 
-919 | 24) 72] 28/100/10 || .969 | 24} 64] 28] 86.374] 1.019 
-920 | 28) 86} 32\r00/28 || .970 | 24} 56| 24|100| Y9})| r.020 
-92r | 24) 56] 24}100)264)] .o7x | 24] 72] 28 86) 26 1,021 
-922 | 24| 64) 28} 86)4r || .972 | 86) 44] 32] 64)6 || 1.022 
-923 | 24} 64] 28)100!284)} .973 | 24] 56| 24]100)19 || 1.023 
-924 | 28} 86] 32/100}274'| .974 | 24| 64] 24] 86|214| 1.024 
925 | 24) §6) 24/100|26 || .o75 | 24] 72] 32]100/24 || 1.025 
-926 | 24) 64! 32/100/394)| .976 | 28) 86] 32/100 20 1.026 
-927 | 24} 64} 28}100}28 || .977 | 24} 64| 28}100)214! 1.027 
+928 | 24] 64] 28) 86]404] .978 | 24] 56} 24}100/18 || 1.028 
+929 | 24] 56] 24/100/254)| .979 | 28] 86} 32|100)20 || 1.029 
+930 | 24] 72| 28} 86/31 || .o80 | 24] 64] 28)100/21 || 1.030 
-931 | 24} 64] 28)100}274)| .o8r | 24] 64! 24 pedo 1.031 
+932 | 28] 72] 32\100}414]| .982 | 28) 86] 32|100/194|| 1.032 
-933 | 24] 64] 24] 86]27 || .983 | 24] 72} 28) 86)25 || 1.033 
-934 | 24] 86] 44}100}404)| .984 | 24] 56} 24|100|17 || 1.034 
-035 | 24} 72| 28} 86 304 .985 | 28) 86} 32|100\19 || 1.035 
-936 | 24) 56] 24}100]244]| .986 | 24] 72| 32|100|\22 } 1.036 
+937 | 24} 64} 24] 86}264)| .987 | 24| 64] 24] 86)194) 1.037 
-938 | 24} 72] 32}100/284]! .988 | 28} 86} 32|100)184) 1.038 
-939 | 24} 64] 32}100]384]| .g89 | 24] 56] 24/100/16 || 1.039 
+940 | 24} 56] 24]100}24 || .990 |} 24] 64] 24] 86)19 || 1.040 
+941 | 24} 64| 24} 86)26 || .gor | 28) 86] 32)100)18 || 1.041 
+042 | 24] 72] 32|100}28 || .992 | 24] 56) 24}100\1 i! 1.042 
-943 | 24] 72] 32} 86)404]| .o93 | 24] 64] 24) 86)1 1.043 
-944 | 24] 56] 24}100}234)| .904 | 24] 56] 24 100115 1.044 
-945 | 24] 64] 24} 86)254)) .005 | 24] 72] 28) 86\234) 1.045 
+946 | 24] 72| 32/100]274)! .996 | 24] 56) 24|100/144)| 1.046 
947 | 24] 56) 24}100/23 || .907 | 24) 56) 24| 86/334) 1.047 
-948 | 28} 86} 32/100/244)| .998 | 24] 56| 24|100|/14 || 1.048 
+949 | 24} 64] 24} 86]25 || .o99 | 28) 86] 32\/100 —_ 1.049 


| Gear on Screw 


= | 2nd Intermediate 
| Angle 


24| 100/13 
32\100\16 
24|100/13 
32|100) a 
24|100)\ 12 
24) 100/12 
24| 86116 
24|/100| 114 
32| 100/144 
24/100} 11 
32|100}14 
24|100|/104 
24|100|10 
24) 86\14$ 
32/100} 13 
24| 86\14 ! 
32/100 a 
24| 86/13 
32|100}12 
24| 86)13 
32/100] 11 
24| 86 at 
32|1OO|11 
24| 86)12 
28) 100|12} 
24| 86)114 
28/100) 12 
24} 86)11 
28|100\ 114 
24| 86}104 
28100] 11 
28} 100} 104 
32\100/144 
28) 100|10 
32|100; 14 
24| 86/30 
32)100/134 
28| 86|17 
32|100/30 
32/100) 13 
24| 86)29 
32|100|12 
28| 86)16 
32/100/12 
40|100) a 
32|100)11 
32\100/11 
28} 86)15 
32|100| 10} 
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© © © 
S\5 £18 £\s 
By 8 1316 Bisse ELSis18 
ea.) aa) S o| 2 6/3 Ey © 
Bl e|ela = Els Slel els 
al s/S/ a al 124 4 al/S/Siq 
oo; A 3° oo; & o ° rH Gg is) 
oa lela lele}s gy elie bw |e Eo} oe nee 
SSIS Esl 2 & | SlelelelBl & lSlelel ele 
SISlBleIS(2] 8 ISIS slola] & jo] Bl sisla 
r,050| 24] 72] 28] 86/144]| z-150 | 24| 56] 24] 86/16 || r.250 | 24] 64] 28] 72/31 
1.052| 24| 86] 4o|/r100]194]| 1.152 | 28] 86] 44]100/363|/ 1.252 | 28) 86] 40}100|16 
1.054| 24] 72] 28] 86/14 || 1.154 | 24] 64] 28] 86]/To |] 1,254 | 24) 64] 32] 86)26 
1.056] 24] 56| 24] 86/28 || 1.156] 24] 64] 32|100/154]| 1.256 | 24] 64] 28) 72/303 
1.058] 24} 86| 40/100|184)| 1.158 | 24} 56| 24] 86/143|| 1.258 | 28] 86] 40/roo|r5 
1.060] 28] 86] 40|100]354]| 1.160 | 24] 56] 24] 86/14 || 1.260 | 28] 86] 40|100]14} 
1.062| 24] 72! 28] 86/12 || r.162 | 24] 64] 32/100/144]| 1.262 | 32] 56] 24|100/23 
1.064] 24} 86] 40|/100/174]| 1.164 | 24] 64] 32]/r00/14 || 1.264 | 24] 72| 40/100|/18} 
1.066] 24] 56| 24| $6]27 || 1-166 | 24] 72] 40|100/20 || 1.266 | 28] 86] 4o|100|13> 
1.068] 24] 64] 28] 86] 20]| 1.168 | 24] 56] 24] 86)124]| 1.268 | 24] 72] 40/100/18 
1,070] 24} 86] 40}100]163)| 1.170 | 24] 56] 24] 86/12 || 1.270 | 24] 72] 44/100/30 
1,072| 28] 72] 32|/100|304]| 1.172 | 24] 56] 24] 86/114] 1.272 | 28) 72] 32| 86,28} 
1.074] 24] 64] 32|/100/263]| 1.174 | 24] 56] 24; 86/14 || 1.274 | 28) 86] 4ojro0|r2 
1.076| 24] 64] 32| 86/394|| 1.176 | 24) 56] 24] 86}103|| 1.276 | 28] 86) 4o/1oo0|11} 
1.078] 24] 86] 40/100|15 || 1.178 | 24] 56] 24| 86|r0 || 1.278 | 28) 86) 4o|roo|rr 
T.080] 24] 86] 40|100|/144]| 1.180 | 24] 64] 32|100]104)| 1.280 | 28] 86) 40)100\)ro} 
1.082] 28] 86] 44/rool4r || 1.182 | 24] 64] 32/roo}ro || 1.282 | 28) 86) 4o}roo/ro 
1.084] 24] 56| 24] 86]25 || 1.184 ] 24] 64] 32|x00] 94] 1.284 | 24] 72] 4o|100/T54 
1.086] 28} 86] 40/100/334]| 1.186 | 24] 86] 44|r00|I5 || x.286 | 4o| 64) 24)100)31r 
1.088] 24] 56] 24] 86}244]| 1.188 | 24] 72] 40|r00|27 || 1.288 | 24] 72] 40}r00/15 
1.090] 24] 72] 32] 86/284]| 1.190 | 24] 64] 28] 86]13 || r.200 | 24] 72] 40|100\144 
1.092] 24| 86] 4o]100]/r2 || 1.192 | 24] 64] 28} 86)124|| r.202 | 32] 56] 24|100/104 
1.094| 24] 86} 40]/100]114]| 1.194 | 24| 64] 28] 86)12 || r.204 | 24) 86) 48}roo/T5 
1.096] 24] 86] 4o/roo|rrx || 1.196 | 28] 72] 32|100]16 || 1.206 | 24) 72] 40|100/13 
1.098] 28] 72] 32/100/28 || 1.198 | 24| 72] 32) 86/15 || 1.208 | 24] 64) 32] 86/213 
1.100] 28] 72] 32] 86]404]|1.209 | 24] 72] 32] 86/144|| 1.300 | 24] 86) 48}roo/14 
I.102] 24] 64] 28] 86)254]| 1.202 | 24; 64] 28] 86]/z0 || 1.302 | 24] 64] 32] 86/21 
x.104| 24] 86] 44|100/26 || 1.204 | 28] 72| 32|100/143]| 1.304 | 24] 72| 40/100|12 
1.106] 40] 64) 24/100|424!] 1.206 | 24] 72| 32] 86]134|| 1.306 | 24] 72! 40/100]114 
1.108] 24] 86] 44|100]254)] 1.208 |~24! 72] 32] 86/13 || 1.308 | 24] 72] 40/100/11 
r.110| 24] 72] 32| 86}264/| r.210 | 28) 72| 32/r00/134]|/ 1.310 | 24] 64] 28] 72/26 
1.112] 24] 72] 40/100|333|| I.212 | 28] 72| 32]r00]/13 || 1.312 | 40] 64} 24/100/20 
r.114| 24] 64] 32] 86/37 || r-214 | 24] 86] 48}roo}25 || 1.314 | 28) 86) 44/100 234 
r.116| 24] 56] 24] 86j2r || 1.216 | 32] 56| 24|100]274]| 1.316 | 28) 64] 32|100/20 
1.118| 28] 72] 32|100|/26 || 1.218 | 24] 72] 40}r00|24 || 1.318 | 24| 86] 48|100|10> 
r.120| 24] 56] 24] 86/203|| 1.220 | 28] 86] 40/r00|203] 1.320 | 24] 86] 48}100\10 
r.122] 24] 86] 44/r00/24 || 1.222 | 24] 72} 40|100|234|| 1.322 | 28) 72| 32] 86/24 
r.124| 24] 56] 24] 86)20 || 1.224 | 28] 86] 40|100}/20 || 1.324 | 32) 56) 24|100|/15 
1.126] 24} 86] 44|100]233|| 1.226 | 24] 72| 48/100]/40 |; 7.326 | 32| 86] 40|100/27 
1.128] 24] 64]! 32|100]20 || 1.228 | 28} 86] 44\r00]3x || 1.328 | 28] 64) 32) 100/183 
1.130] 24] 72| 40|100/32 || 1.230 | 28] 64| 32|100/283]| 1.330 | 32] 56] 24)100/14 
1.132} 24| 64] 28) 86}22 || 1.232 | 24] 72| 40|100|229/| 1.332 | 28] 64] 32/100\18 
1.134] 24] 56] 24| 86}184|| 1.234 | 24] 86} 48|100]/23 || 1.334 | 24] 64] 32) 86\17 
1.136] 24| 64] 28| 86}214\| 1.236 | 24] 72| 40/100]22 || 1.336 | 32] 56) 24/100/13 
1.138| 24] 64] 32|100/184|| 1.238 | 28] 86) 40;roo/r8 || 1.338 | 32| 56] 24|/100|124 
1.140] 24] 64| 28} 86/21 || r.240 | 24] 72| 40/T00/21}/| 1.340 | 24] 72] 44|100/24 
1.142| 24] 64] 32| 86|35 || r.242 | 28] 86] 40/r00]/174]| 1.342 | 28] 64! 32|100/163 
1.144] 24] 56] 24] 86}17 || 1-244 | 24] 72| 40|roola2r || 1.344 | 24] 64] 32 86\154 
1.146] 24| 86] 44|1oola1 || r.246 | 32| 72) 40|100]45}\| 7.346 | 32] 56| 24)r00)/11x 
1.148] 24] 64} 32|r00/r7 || 1.248 | 28] 86] 40|r00|164!| 1.348 | 32] 56| 24|100/103 
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Gear on Worm 


1st Intermediate 


2nd Intermediate 
Gear on Worm 
1st Intermediate 


Gear on Screw 


44| 86/32 || 1.546 | 24] 72 
40|100/214)/ 1.548 | 28) 64 


2nd Intermediate 
Gear on Screw 


48) 1oolrs 
32| 86/18 


1.646 
1.648 


tst Intermediate 


2nd Intermediate 
Gear on Screw 
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al2\8 all 2\s 
Eis|3|§ B/S |'3| 8 ele | =| 8 
s\/2/8\8 aie 5 s|e18/8 
Ss Bi) a) 2/e|El3 Sla| ela 
alo |S} a] - a/si8le a/s|8le 
° = ig ° © ° = nc| ° o ° =| if ° o 
3 wile uw lo co} ela re Lo} oe | ee eS 
3 3 Le} s | oO 3 3 owls] 3 s ice} 3 | oo 
o o hn q o cI ry o » Pt o i=] o o > a o 
SSB] siS/24] 8 [S78] sl d]/4i 4 1d] 2] sl[d]4 
1.650 | 28] 64] 40]100]193]| 1.750 | 32| 86] 48|100/113/| 1.850] 28) 64) 44)r00}16 
1.652 | 40] 56] 24/100]r153]| 1.752 | 28/100] 56] 86]/16 || 1.852] 28) 72] 44) 86j21> 
1.654 | 24| 72] 44] 86/14 || 1.754 | 28] 72) 48/ro0l20 || 1.854] 44) 56) 24)100 10} 
1.656 | 28} 72] 44/100|144)| 1.756 | 32] 86] 48|100/10}/| 1.856) 24) 64] 40) 72/27 
1.658 | 24] 72| 44] 86|133)| 1.758 | 32] 72| 44/100/26 || 1.858] 24) 64] 44] 86/142 
1.660 | 28] 72] 44/100/14 || x.760 | 28] 72] 48|100|194|| 1.860| 32| 72} 44/100}18 
1.662 | 32| 86] 48]100|214// 1.762 | 28] 64) 32| 72/25 || 1.862) 24) 64] 44] 86}14 
1.664 | 28) 72| 44|100/134]/ 1.764 | 24| 72| 48] 86/183]| 1.864] 28] 64) 44/100 14} 
1.666 | 28) 64| 32| 72/31 || 1.766 | 28] 72] 40] 86|124)| 1.866] 24) 64] 44] 86]13% 
1.668 | 24) 72| 44| 86]12 || 1.768 | 32| 72| 48/100|/34 || 1.868] 28) 64) 44)100/14 
1.670 | 28) 72| 44]100/124]| 1.770 | 28] 72| 48|100|184|}1.870| 24] 64) 44] 86]13 
1.672 | 24| 64| 40] 86|164|| 1.772 | 44] 56] 24|x00]20 || 1.872] 28] 64] 44)100|132 
1.674 | 24| 72| 44] 86|xx || r.774 | 24] 72] 48| 86|173]| 1.874] 24] 64] 44) 86/122 
1.676 | 24} 72| 44| 86/103] 1.776 | 28) 72) 40] 86)1x || 1.876) 28) 64) 44) 100/13 
1.678 | 28] 64| 40] 100/164] 1.778 | 44] 56) 24/100]104/| 1.878] 28) 64) 32) 72/15 
1.680 | 28] 72] 44]ro00|r1z || 1.780 | 28]100| 56] 86]124|| 1.880] 24} 64] 44| 86/113 
1.682 | 28} 72| 44|100|104]| 1.782 | 32] 64] 40|100/27 || 1.882] 28] 64] 32] 72|14% 
1.684 | 32] 86] 48|100/194)| 1.784 | 24] 56)*40} 86/263]/ 1.884] 24] 64] 44) 86]11r 
1.686 | 28] 64! 40|100/153]| 1.786 | 28|100] 56] 86/114|| 1.886| 28] 64) 44/100]x112 
1.688 | 40| 56] 24/100]r0 || r.788 | 24] 72] 48] 86/16 || x.888| 28) 72] 44] 86/184 
1.690 | 28| 64] 40\r00]r5 || r.790 | 28|r00] 56] 86|r1 || 1.890; 24] 64] 44] 86/10 
1.692 | 24] 64] 40] 86|r4 || r.792 | 28|100| 56) 86/104} 1.892| 32| 72) 48|100)272 
1.694 | 32] 72| 44/100]30 || r.794 | 44| 56) 24/r100/18 || 1.894] 28] 64) 32) 72/13 
1.696 | 24] 64] 40] 86)133|| 1.796 | 28] 64) 32] 72|223]| 1.896] 28] 64) 44|100/10 
1.698 | 28] 64] 40/100]14 || 1.798 | 24] 64] 44] 86)203/| 1.898) 28) 64) 32) 72 12} 
1.700 | 32] 72| 40/100/17 || 1.800 | 32| 72) 44/100|23 || 1.900] 28) 64] 40) 86)21 
1.702 | 28] 64] 40}100|134|| 1.802 | 28) 64| 32| 72/22 || 1.902] 28) 64) 32] 72/12 
1.704 | 28] 64] 40) 72\454|| 1-804 | 32| 72| 44] 86/373]| r-904] 24] 64] 48} 86)24% 
1.706 | 24] 64] 40] 86)12 || 1.806 | 24} 56] 40] 86/25 || 1.906] 32] 72] 44|100/13 
1.708 | 28] 64] 40/100/124]| 1.808 | 28] 72) 48}100|144]| 1.908] 28] 64) 32) 72/11 
1.710 | 28] 72| 40] 86|r9 || 1.810 + 28] 72] 48] 86|334|| 1.910] 32| 72] 44]100|12> 
1.712 | 24] 64] 4o| 86|rz |] r.8r2 | 24] 72| 48] 86/13 || r.9r2] 28] 64] 32] 72/103 
1.714 | 32] 64] 40/r100/3x || 1.814 | 24] 64| 44] 86\19 || r.914| 28) 64] 32] 72/10 
1.716 | 28] 72] 4o| 86|184|| 1.816 | 24| 72] 48] 86/123] 1.916] 24| 56] 40} 86/16 
1.718 | 24| 64] 40] 86}ro || 1.818 | 28] 72] 44] 86)24 || x.918| 28] 72] 44|* 86/154 
1.720 | 28] 72] 40] 86/18 || 1.820 | 24] 64) 44| 86/184|| r.920] 32] 72| 44/100/11 
1.722 | 24| 44] 32| 86]32 || 1.822 | 44| 56] 24|r00/r5 || 1.922] 28) 72| 44] 86/15 
1.724 | 28|100| 56| 86/19 || 1.824 | 40] 86} 44/100/27 || 1.924] 28) 64] 40] 86/19 
1.726 | 24] 56| 40] 86|30 || 1.826 | 24] 72] 48] 86)xx || 1.926] 32| 72] 44/100/10 
1.728 | 32| 72] 40|100}13}|| x.828 | 24] 56] 40] 86/233] 1.928] 28) 64] 44| 86}30% 
1.730 | 28| 72| 40| 86|17 || 1.830 | 28] 72] 48|r00|xx4)| 1.930] 24| 56) 40] 86/143 
1.732 | 32] 72| 40|100|13 || 1-832 | 24] 72] 48| 86/10 || 1.932] 32] 64| 40/100/I5 
1.734 | 28| 72] 40] 86|164]| 1.834 | 44] 56| 24]100/133)| 1.934] 24| 56) 40) 86/14 
1.736 | 32| 72| 40\100|124!| 1.836 | 28] 72| 48|100|10}]| 1.936] 32] 64| 40|100|143 
1.738 | 32| 56| 40\100|404]| 1.838 | 44] 56) 24/100|/13 || 1.038] 24] 56] 40| 86/134 
1.740 | 32| 86] 48/100|r3 || 1.840 | 24] 64| 44] 86]164]| r.940| 28] 64] 48]100]223 
1.742 | 32| 72| 40\100|11r3!| 1.842 | 32] 72| 40} 86]27 || r.042| 24] 56| 40] 86)/13 
1.744 | 32| 86| 48\100|124|| 1.844 | 28] 64] 32] 72|184]| 1.944] 32] 56| 40] 86)43 
1.746 | 24} 64} 44| 86|244|| 1.846 | 28} 64] 44|100/164]| 1.946] 28] 72] 44] 86)12 
1.748 | 32| 72| 40|xoo|xro4!| 1.848 | 44] 56| 24|r00|r14|| r.948| 32] 72] 40] 86/103 
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1st Intermediate 
ond Intermediate 
Gear on Screw 
Angle 
Lead 
Gear on Worm 
1st Intermediate 
and Intermediate 
Gear on Screw 
Angle 


Gear on Worm 


Lead 


1.950 
1.952 
1.054 
1.956 
1.958 
1.960 
1.962 
1.964 
1.966 
1.968 
1.970 
1.072 
1.974 
1.976 
1.978 
1.980 
1.982 
1.984 
1.986 
1.988 
1.990 
1.992 
1.004 
1.¢96 
1.998 
2.000 
2.002 
2.004 
2.006 
2.008 
2.010 
2.012 
2.014 
2.016 
2,018 
2.020 
2,022 
2.024 
2.026 
2.028 
2.030 
2.032 
2.034 
2.036 
2.038 
2.040 
2.042 
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oO o o 
Blais] 5 gl Sia|e a} oia|e 
8 |3|'8| 2 5/3 |3 | & 8/3 |'3| 2 
yo |E\ Sl s/oiei — Sisal el ~ EIS] ala 
3 8/ # 30 3 g a Sj gi] 2 © 
o gi ei o|a a1 nu] a]a}l_ o galei gd] al= 
A/F ele) ela & jesse) slay 8 18/3) s] sje 
AGILE ga] 3 ga /8/ 8 |< 
b|#| 8/5 Sle) elo Oo} 8|E/S 
Lal a HH a Lal aN 
2.250 | 24] 64) 44] 72|/zz || 2.500 |28] 64] 48} 72/3x || 2.750 | 28] 64] 48] 72/103 
2.255 | 32| 64] 48|100/20 || 2.505 |24] 56] 44] 72/17 || 2-755 | 44] 40] 32|/100/384 
2.260 | 44] 56] 32/100} 26 || 2.510 |28| 40] 44| 86]454)| 2.760 | 28] 44] 48] 86|30 
2.265 | 28! 44] 32] 86/17 || 2.515 |32| 64] 44] 86/104) 2.765 | 48] 64] 28] 56/424 
2.270 | 28] 44] 32| 86)164]] 2.520 |44| 48] 28|xoo|rr || 2.770 | 28} 48] 44] 72/30 
2.275 | 32] 64] 40] 86)x2 || 2.525 |48] 56) 32|100/23 || 2.775 | 40| 72] 44] 86|r23 
2.280 | 28] 64] 44] 72|/314]| 2.530 |24] 56] 44] 72/15 || 2.780 | gol 72] 44] 86|x2 
2.285 | 44] -86] 48|roolar4l| 2.535 |32| 56] 40] 86|/174)| 2.785 | 24] 44| 48] 72\40 
2.200 | 24] 44] 40] 86/254] 2.540 |32| 64} 48] 86/243|| 2.790 | 28| 48] 44] 72/384 
2.205 | 32} 64) 48)100/r7 || 2.545 |32| 56| 44| 86|203|| 2.705 | 32] 48] 40] 72\41 
2.300 | 24] 56) 40} 72/15 || 2.550 |28) 64] 44) 72/173)| 2-800 | 24| 36] 48] 72\/r14 
2.305 | 24) 56] 40] 72/144] 2.555 |32| 56] 40] 86)x6 || 2.805 | 24] 56] 48] zalrx 
2.310 | 24| 56] 40] 72/14 || 2.560 |32| 64] 48] 86/233]| 2.810 | 44] 56) 24] 64lz73 
2.315 | 24) 56} 40] 72/134]| 2.565 |28| 40] 32| 86)x0 || 2.815 | 28] 44] 40] 86|18 
2.320 | 28] 44] 32! 86/114] 2.570 |44| 48] 40|100/453|| 2.820 | 4o| 56] 44] 86|304 
2.325 | 28] 44| 32] 86/rx || 2.575 |24| 56) 44) 72|/103|| 2.825 | 32] 56] 44] 72/36 
2.330 | 40/100] 56) 72/41})| 2.580 |40| 72] 56| 86/443)| 2.830 | 48] 64] 28) 56\4zx 
2.335 | 28] 64) 48] 86|17 || 2.585 |32| 56] 40] 86/133|| 2.835 | 28] 48] 4o| 72/20 
2.340 | 24] 56) 48] 72135 || 2.5900 |32] 56] 40] 86)x3 || 2.849 | 40] 56] 44] 86|30 
2.345 | 24| 56) 40] 72/10 |] 2.505 |44] 40] 32|190)423]|| 2.845 | 28] 44] 40] 86|16 
2.350 | 28} 64] 44] 72|283|| 2.600 |32| 56] 40] 86/12 |\ 2.850 | 28] 56| 64] 86/40 
2.355 | 44| 86) 48|100]16}|| 2.605 |32| 56] 40] 86)113]| 2.855 | 28] 44] 48] 86|364 
2.360 | 32| 64) 48}100}103|| 2.610 |32] 64] 40| 72/20 || 2.860 | 40] 56] 44] 86/384 
2.365 | 24) 56) 48} 86) 84]| 2.615 |44] 48] 40|100/443]| 2.865 | 24] 44| 48] 72/38 
2.370 | 44| 56] 32]100]/1934]| 2.620 |28] 64] 44] 72\/113]| 2.870 | 44| 48| 4o]}100]384 
2.375 | 28] 64| 48) 86]134|| 2.625 |44] 56| 24] 64/27 || 2.875 | 40] 64] 48] 86/344 
2.380 | 32/100) 56] 72/17 || 2.630 |48| 56] 32|100/163|| 2.880 | 48)100| 56) 72/304 
2.385 | 32] 72| 56] 86)343]| 2.635 |40] 72] 44] 86/22 || 2.885 | 24] 44) 48) 721372 
2.390 | 28} 64) 40] 72}10%|| 2.640 |48|100] 56] 72/45 || 2.800 | 44] 48] 40/100/38 
2.395 | 40] 72} 44|100/114]| 2.645 |24| 40] 44] 86|303/| 2.805 | 32] 56] 44| 72/34 
2.400 | 56] 64] 32/100/31 || 2.650 |40] 56] 44) 86}433|| 2.900 | 28] 44] 4o| 86\r14 
2.405 | 28} 64} 48) 86/10 || 2.655 |56] 64] 32|100|184]| 2.005 | 40] 72] 48] 86|20% 
2.410 | 32/109! 56} 72 14) 2.660 |44] 48] 40]}100/434]| 2.610 | 28] 44] 4o|} 86/10} 
2.415 | 44| 86) 48}100|104]| 2.665 |28) 64) 48] 72/24 || 2.015 | 28] 40) 44) 86)353 
2.420 | 32|100| 56] 72)/134]| 2.670 |28] 48) 44] 72|413|| 2.9020 | 28] 48) 44] 72135 
2.425 | 32|100] 56] 72/13 || 2.675 |48] 64) 28] 56)444]| 2.025 | 40] 64) 48] 86)33 
2.430 | 32/100] 56] 72|124]| 2.680 |28] 44] 48] 86]4r || 2.030 | 32] 64) 44! 72/163 
2.435 | 32} 72] 48] 86]r1 || 2.685 |48|100| 56] 72/44 || 2.035 | 48] 64) 28] 56/384 
2.440 | 32| 72] 48] 86)104!| 2.690 |40| 64] 44|100|12 || 2.040 | 40] 64] 48|)roolr1} 
2.445 | 44] 56| 32|100/134|| 2.695 |40] 64] 44|100/x114|| 2.045 | 40] 72| 56! 86)35% 
2.450 | 24| 64] 48] 72/114}|| 2.700 |28] 44] 48] 86]404|| 2.950 | 40] 64) 48|100]104 
2.455 | 40] 72) 48|100|23 || 2.705 |56} 64] 32|r00/T5 || 2.055 | 48] 64| 28] 56|38 
2.460 | 28} 64| 48] 72!324]| 2.710 |40] 72] 56) 86/413|| 2.060 | 24) 44| 48] 72/353 
2.465 | 32] 64] 44) 86)/152]| 2.715 |40) 56) 44] 86)42 || 2.065 | 32] 4) 44] 72/14 
2.470 | 28] 40} 32| 86)184\| 2.720 |48] 64] 28] 56|434|| 2.970 | 32] 64] 48] 72|27 
2.475 | 32] 64] 49] 72/27 || 2.725 |44] 48] 40|100|42 || 2.075 | 40] 56] 44| 861352 
2.480 | 44] 48] 28}roo|T5 || 2.730 |48|100] 56) 72/43 || 2.9080 | 48] 40] 28)100/274 
2.485 | 28] 72] 56] 86|r1rz || 2.735 |44] 40] 32|100/39 || 2.085 | 44] 48] 40|/100|352 
2.490 | 28] 72| 56] 86]104/| 2.740 |28| 44] 48] 86]393|| 2.000 | 28) 48] 44] 72/33 
2.495 | 24] 44] 40 al r0$]] 2.745 |40| 72| 44] 86)z 2.905 | 48| 64] 28) 56137 
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AnD 
BRE 


CO MPOIIAQUNEL 


ESI ene GN CR ONTOS, OT CANLOSECAICRI OMLOY OSLEW CSCS SOS O91 C3 OC) OOS C8 D8 OY CN O97 03) 8 CIES AION CS EN ON OL ONES OS: Seer S 
COSSSOSD5500 ¢ 
AORORONONIUNO 


oO 


8/3 1s g|3 
g|/s|.8le 8] .s).8] 2 B/3|3 |e 
glo |9 oO KlolyD o mw [cet o 
o| >] & 5 o/e|/e8/ x) 4s) o!|2 
Ble) Ela Blel ela Ele|E/S 
a|o|/S83lg a] o}/2) a g/31/8]¢ 
fo} z 9 io} oO fo} =] nS o ° 7 A ° o 
kK ~~ H = eo} we HH H = od hk a KH = 
3s co) Fy 4 a 3s so Ss bo 3 co) io} 3s | wo 
oO SrA a r=! oO oO » a o g o o ood Sg Oo =| 
O};r}alOl< =) oO; 4;/al/oj;<a H O|A;lalol<a 

44| 48] 86]223|| 4.000 | 28} 40] 48] 72/31 || 4.250 | 28] 48] 56] 72/203 


44| 72/104|| 4.005 | 40] 64] 48] 72/16 || 4.255 | 56] 40] 28] 86)2x 
48| 86/114]| 4.010 | 56] 40] 32|100/263)| 4.260 | 44] 72| 64) 86/20} 
56| 72|144|| 4.015 | 40] 64] 48] 72/153|| 4.265 | 56} 44| 28] 64]40 
32|100|11 || 4.020 | 40] 72] 64] 86/133]| 4.270 | 44] 64] 56| 86|174 
56] 64/26 || 4.025 | 40] 64] 48] 72/15 || 4.275 | 32| 44] 56) 86\253 
48] 86|184]| 4.030 | 32] 40} 48] 86/254]! 4.280 | 28) 4o| 48] 72/234 
44| 72/42 || 4.035 | 44] 64] 56] 72/41 || 4.285 | 40] 56] 44] 72\/zr1 
44| 72|214]| 4.040 | 48) 64] 32] 56/194]| 4.290 | 28) 48] 56] 72/10 
28|100/144]| 4.045 | 56] 48] 44|100/38 || 4.205 | 56} 48] 24] 64]/1z 
28| 86]234|| 4.050 | 40] 72] 64] 86/114]| 4.300 | 44] 72] 64] 86/10 
56| 8617 || 4.055 | 40} 48] 44] 86/18 || 4.305 | 44] 56] 48] 86)/z1x 
32| 86/43 || 4.060 | 40] 64] 48) 72/13 || 4.310 | 32] 44] 56| 86|24% 
28| 86/23 || 4.065 | 44| 64] 48] 72]274/| 4.315 | 28] 48] 56) 72/18 
28|100]13 || 4.070 | 44] 72| 64] 86/264]| 4.320 | 44] 64] 48] 72/104 
56] 86/16 || 4.075 | 56| 44] 28] 86]104)| 4.325 | 44] 72] 64] 86/18 
56| 72/38 || 4.080] 44] 56} 48] 86/213 
48] 86|rr || 4.085 | 56] 48] 24] 64]2z || 4.335 | 56] go] 28) 86/18 
44| 72|2903]|| 4.090 | 40] 64] 48) 72\rz || 4.340 | 72] 48] 24) 64/303 
48| 72/25 || 4.005 | 28] 48] 56] 72}253|| 4.345 | 64] 48] 24] 56/403 
48| 72|2241| 4.100 | 48|100] 56] 64/124|| 4.350 | 28] 48| 56] 72/163 
28|100]r03|| 4.105 | 44} 72] 64] 86/253)| 4.355 | 28] 56] 64) 72/114 
28|100}r0 || 4.110 | 48} 64] 32| 56/163|| 4.360 | 32| 44] 56) 86/23 
28| 86|32 || 4.115 | 40] 56] 44] 72)104|| 4.365 | 56] 40] 32/100/13 
44| 86}19 || 4.120 | 48] 64) 32] 56/16 || 4.370 | 56] 40] 28) 86/163 
44] 72|18 || 4.125 | 28) 44] 48] 72/133]| 4.375 | 32] 44] 56) 86)223 
56| 86|35 || 4.130 | 48/100] 56] 64/103)! 4.380 | 48] 72] 64] 86/28 
56| 86\124]| 4.135 | 32| 56] 64| 86/134/| 4.385 | 40] 48] 64] 86]45 
48| 72/2 || 4.140 | 28] 40] 48] 72/274|| 4.390 | 56] 40] 32|100/114 
44| 86)24 || 4.145 | 28) 48) 56} 72/24 || 4.305 | 44) 64] 56) 86)rzr 
28| 72/38 || 4.150 | 48] 64] 32] 56)143\| 4.400 | 40] 56] 48] 72/22} 
48| 72/23 || 4.155 | 44] 72] 64) 86/24 || 4.405 | 44] 64] 48] 72/16 
28] 64/40 || 4.160 | 56] 40] 32) 86/37 || 4.410 | 56} 44] 24] 64/223 
32| 56/24 || 4.165 | 44] 64] 56) 86/213)| 4.415 | 40] 56) 48) 72/22 
40| 72/14 || 4.170 | 44] 64) 48) 72/243]| 4.420 | 48) 72] 64] 86)27 
48] 8610 || 4.175 | 56] 44] 24] 64/20 || 4.425 | 64] 40] 32] 86}42 
28] 86|183\| 4.180 | 56} 40] 28] 86/233)| 4.430 | 28) 48] 56) 72|124 
44| 72|15 || 4.285 | 40| 56] 44] 72/163/| 4.435 | 48) 64] 56) 72/404 
48| 72|19 || 4.190 | 64] 48] 32) 72/45 || 4-440 | 44] 72] 64) 86/124 
32| 56/23 || 4.1905 | 28] 40] 48) 72/26 || 4.445 | 56] 48] 44|100/30 
56| 86}244|| 4.200 | 48] 64! 32] 56)114/| 4.450] 32! 44] 56| 86}20 
48} 86|13 || 4.205 | 48) 44] 40/100/154)| 4.455 | 86) 56] 24) 72/207 
48| 72\21 || 4.210 | 56] 40 32| 100 20 || 4.460 | 40] 56] 48] 72/20} 
24| 64/25 || 4.215 | 48] 44] 40/100]/r5 || 4.465 | 44] 64] 48) 72/13 
48| 86|12 || 4.220 | 32] 44| 56] 8627 || 4.470 | 44] 48] 56] 86/413 
64] 72/384]| 4.225 | 48| 44) 40|100|143]| 4.475 | 28) 40] 48) 72/163 
44| 86)133}|| 4.230 | 28} 40} 48) 72|25 || 4.480] 40] 44] 48] 86)28 
48| 72|17 || 4.235 | 40] 56] 44] 72|/14 || 4.485 | 56) 44) 28) 72/25 
48| 86|243|| 4.240 | 32] 44| 48] 72/20 || 4-490 | 32) 48} 56) 72/30 
48| 72|163|| 4.245 | 56| 48} 24] 64)r4 || 4-405 | 32] 44] 48) 72/22 
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3/3 2)3 2/3 

8/.9 1]: S 8/.9/.8]e 8/9]. > 

Bala] & Bg | z Bilis 8 

Ble) EIS E/B/ES E/B/E|d 

8} 3) 313 g/ Ziel g/£/2) 8 
Slalclsl etal s lglclelelal e lelelelels 

o|e o| «6 oo}? oO > oO 
S1S/2/E/8/2] § (8/2) 8/8 | 4 at pS ee SPO Pt 

pelle td Se te eee 
4.500 32| 64/45 |] 4.750 | 32] 44] 48] 72/114]| 5.000] 48] 64 56| 72\31 
4.505 28) 64/36 || 4.755 | 64] 4°] 32] 86)37 || 5.005 | 56] 44| 28] 64/26 
4.510 56} 72/324|| 4.760 | 44] 56] 64! 86)354)| 5.010 | 56] 48| 28] 6g11 
4.515 44) 56/40 || 4.765 | 4) 48] 24] 56}334]| 5.015 | 40] 48) 44] 72/10 
4.520 24) 72/28 || 4.770 | 86) 48) 24] 72137 || 5.020] 40 44 56| 86) 32 
4.525 56) 86/334] 4.775 | 86) 56) 24] 64134 || 5.025 | 64] 48} 32] 72/32 
4-530 64| 86/383] 4.780 | 40] 64} 56) 72|/104|| 5.030 | 56| 48) 44/100/11} 
4-535 56} 86/40 || 4.785 | 44} 50) 48) 72/24 || 5.035 | 44] 56] 48] 72/15 
4.540 32] 72/40 || 4.790 | 44] 56) 64) 86/35 || 5.040 | 32] 44) 56] 72\27 
4-545 24) 64\194)| 4.795 | 86) 56] 24] 72)204]| 5.045 | 64] 48) 24| 56\28 
4.550 64) 86)234)]| 4.800 | 64} 44) 32] 86)274]| 5.050 | 48] 64) 40) 56/104 
4-555 28) 72/23 4.805 | 44] 40] 48} 86)384]/ 5.055 | 56] 48) 44|100/10 
4.560 56| 86:21 || 4.810 | 48} 64] 56] 86)10 || 5.060 | 86] 64) 28) 72\)144 
4.565 48] 72/12 || 4.815 | 32] 40] 44] 72/10 |} 5.065 | 86] 48} 24] 72/32 
4.570 48| 72/194] 4.820 | 40} 44] 56] 86/354) 5.070 | 40] 56, 64| 86/17} 
4-575 56) 86/15 || 4.825 | ©4] 48) 32) 72/354)| 5.075 | 40) 44) 56) 86/31 
4.580 44] 56/39 || 4.830 | 86) 56) 24) 64/33 || 5.0! 64] 48) 32) 72/31 
4.585 56] 86|144]| 4.835 | 48] 64] 40] 56}254)| 5.085 | 86] 56) 24] 64/28 
4-590 56| 86/20 || 4.840 | 56] 48) 28] 64/184) 5.090 | 32} 48) 56] 72/11 
4-595 56) 86/14 || 4,845 | 32] 56) 64) 72)/174/| 5.005 | 56] 40] 32] 86.12 
4.600 48) 72|/15 || 4.850 | 56) 44) 28) 72/r14/| 5.100 | 32] 40) 48] 72/17 
4.605 56} 86/134|| 4.855 | 86) 56) 24] 72/184) 5.105 | 40} 44| 64) 86/41 
4.610 48| 72/144]| 4.860 | 44] 48] 56) 86/354! 5.110 | 56] 72) 64) 86/28 
4.615 56) 86)13 || 4.865 | 40) 44) 48) 86/164]| 5.115 | 40] 48) 56) 86\10 
4.620 48! 72/14 || 4.870 | 48] 72] 64] 86lrr || 5.r20| 44] 40) 48] 86/33 
4.625 48| 72/28 || 4.875 | 40] 56] 64) 86]234)| 5.125 | 56] 44| 28) 64/23 
4.630 24| 64|364}|| 4.880 | 86) 44] 24] 72/414] 5.130 | 64] 40] 32| 86\30} 
4-635 48| 86/24 || 4.885 | 48] 64) 44) 56/34 || 5.135 | 40] 56] 64] 86/15 
4.640 48] 72/13 || 4.890 | 44] 48] 56] 86)35 || 5.140 | 40] 44] 48) 72\32 
4-645 56) 86)18 || 4.895 | 32] 56) 64] 72Ir54/| 5.145 | 40] 48) §6| 86/18} 
4.650 44| 72|18 || 4.900 | 72| 44] 24] 64/37 || 5.150 | 48] 64] 56] 72/28 
4-055 32| 64}43 || 4-005 | 64] 44] 32] 86)25 || 5.155 | 86] 40) 24] 72\44 
4.660 32| 86/384]| 4.910 | 86| 56) 24) 64/314]| 5.0 40} 48) 56] 86/18 
4-665 56| 86/38 || 4.015 | 72| 48) 28] 64] 4r4]| 5.165 | 44] 64) 56) 72/15 
4.670 32) 72/38 || 4.920 | 48] 64) 56) 72/324)| 5.170 | 72] 44) 24) 56/424 
4.675 44| 56/374) 4.925 | 56] 40) 32/ 86/19 || 5.175 | 32) 40) 48) 72/14 
4.680 24] 56/35 || 4.9030 | 56] 48] 28] 64]15 || 5.180 | 56) 72| 64) 86/26 
4.685 24| 64\11 || 4.035 | 56) 72) 64] 86/3r4/| 5.185 | 56] 40] 48) 100/30 
4.690 50| 72)\34 || 4.940 | 32| 56) 64) 72|/134)| 5.100 | 40) 56| 64) 86\x2 
4.605 56] 72|15 || 4.045 | 86) 56) 24) 72)/15 || 5.105 | 44] 48) 56) 86)20 
4.709 64| 86/364)| 4.950 | 32) 56) 64} 72/13 || 5.200] 64) 48) 24) 56)24 
4-705 64} 86/184) 4.955 | 56| 40) 28] 64}36 || 5.205 | 64) 32) 28 2/48 
4-710 64) 72\22 || 4.960} 32| 56) 64! 72/124)| 5.210 | 44) 56 64) 86/27 
4-715 28\ 64)224|| 4.065 | 64) 40) 32| 86/334] 5.215 | 72) 48) 24) 64/22 
4.720 28) 72\174)| 4.070 | 64] 48| 32| 72/33 || 5.220 | 48) 6 56| 72/264 
4-725 44|100/23 || 4.075 | 44| 64) 56) 72/214]| 5.225 | 56} 64) 86/35 
4-730 64| 86)36 || 4.980 | 86} 48) 24] 72/334]| 5.230 | 44] 64) 56) 72/12 
4-735 56) 86/374)! 4-085 | 44) 56] 64) 86/314)| 5.235 | 40) 56) 64| 86)10 
4.749 24| 64}104|/ 4.9090 | 72| 48) 24) 64/274]| 5.240 | 86] 56] 24; 64\244 
4-745 28) 72/164)| 4.005 | 32 . 5 
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2 2 uv o 
§|.3|-8 5 
Ble\ 3/8 g/S/S/ 8 alslals 
aa ae el e/8|é (| 2] 8 
a|/8/8)qa Ela|s =| a/ 8/3 
pe elle tah et a/Slai¢ a lteeuihegs lita 
Bis a Lice altel esl aie g/3/3]¢ 
gee ietalal ge lsreleigial 3 leieielels 
Sele zlel2) 3 lelalelglal & lslalzlalz 
Fe 4| 3 |d5|#/8/5/4 
.250 | 56] 40) 28] 64/31 
GHIIRAR IGE Falla AAR Ea ee: 8 
BBS | 6 8] 23] sola, | ste | 2] $8) G2) als s0s Bo] 48 2a] Tals) 
i 56] 72/253] 5. || 5.760 | 86] 6 
70 Hal a8] 0) 8] S500 | 83] Go) ge) Sol22 | g119 | 84 i) Ga 
‘ o| 44| 56| 86)27 ; é 2 22 || 5.770 | 64] 44] 28 1 
.280 | 64] 48] 32] 72/2 5.525 | 86] 44] 24] 72132 || 5-77 $ i, 28| 56/374 
_.285 | 64] 40] 32} 72 7 || 5-530 | 72] 48) 32] 64/423) ike 4 4| 44) 56)r15 
42 || 5.535 | 56) 72 424}| 5.780 | 40] 44] 56) 86/x23 
-290 | 56] 44] 48)100/30 56| 72| 64] 80|r7 {| 5-785 | G4] 48} z we) 
295 | 44) 48| 56| 86/274 cae 64| 40 32 86/214) 5.790 Fates os a2 )08 
orl eal ue 48) 72/20 || 5.550 Belle Belcedll ages 80| 48h 24| 72\x4- 
: 0] 32] 86\2 , 4 I 5.800 | 6. ; 
By cae aay alata e Pesci de PAR peep (haceeal ahi ec plat 
“315 | 56| 40| 28] 72/1231] 5.565 é 44| 56| 86]384|| 5.8x0 | 86) 48] 28] 72 35% 
320 | 44| 56] G4] 86)243] 5.870 | 86) 40] Casa S88 | Oe ould 
[ 4o| 28] 72|z2 |I x. 24| 72/39 || 5-820 | 64) 44 m 
25 | a] al al es Ss | 8 a) ee Se | a] a 
B25 | Sera 24 Bae | SSB el asia lee len ee 80] 48] 24] 72/124 
b 24) 64|22 : 3 3r || 5-835 | 64) 40 86/114 
e345 | 86| 48| 24| 72/204 ecos | 56 48] 64) 72|47 || 5-840 32) 80)r13 
J ‘ n 44| 48] 56] 72 
Ba aoa Eley ieee | gel 2et Sioa 2) a 6 : 35 
.600 | 86] 56 845 | 64] 40] 32] 86/12 
‘355 | 40| 56| 6a| 72/324] 9 56| 24| 64/134]! 5.850 | 86) 56 
Se ee eM es |G) chee a a 
j 48] 56| 86/26 || 5.615 2|373]| 5-800 | 04} 40 i 
370 | 64] 48) 24] 56)20 5.615 | 86] 44] 24| 64/40 || 5.865 | 6 32| 721344 
375 | 86| 44| 28] 72la5 5.620 | 64| 48| 32| 72|/184|| 5-870 lies 28| 72\104 
fe | 32] 44) ge) 28 S608 | Be) a8] Sal 120 se £6} fol aalroole) 
: 4 214|| 5.6 194]| 5-880 | 86] 56 Z 
eae line! ualicoal valagalls, 35°} 48] 64] 44] 56/x7 || 5-88 32] 72|30% 
5 §-005 2 
PEG Pe Re OEARER IE 
i 28| 72/372 38 |) 5.89 
es | 8) ag] 28) 5042 || Gal a) 52] 7229) $900 | $6] 6a! 40] 48ls0" 
tf 44| 48| 56| 86|25 || 5 66 32| 72/29 || 5.905 | 4° 8 
.415 | 86] 64) 40] 72/433 5.660 | 48] 64] 56] 72|14 44| 48] 72113 
34]| 5.66 8] 6: 5.910 | 72] 48) 32| 64/38 
.420 | 72| 48) 24] 64/154 Beer eels ae 56/16 || 5.015 3 
: : 40] 48] 64| 72 
425 | 48| 64] 44] 56 2 5.670 | 56] 40] 44|r00}23 || 5.920 4| 72137 
i 40| 48) 56) 72 
430 | 86| 64| 32| 56/4 5.675 | 56| 32] 28] 72/338 72/24 
5 || 5.680 | 86] 48 4\| 5.925 | 86} 64} 32] 56 
435 | 64| 48] 32| 72\234 5 48| 24] 72/18 393 
34]| 5-685 6 5-930 | 86] 44] 24] 64/36 
We gal toh oa) Seca ccen baal: 64} 86|134]| 5-035 | 72 ae 
d : 8| 64/3 
.445 | 48| 64! 44| 56|224 5.690 | 48] 44] 64} 86)453)| 5.040 | 86 ABNER RENEE 
gs) 21 sealer] al) wl ee la 
y 32| 72|23 || 5.705 10 |} 5.950 | 72] 48} 32] 6 
460 | 64) 40] 32| 86/233 5-705 | 40| 44] 56] 86|153)| 5.955 ele 41373 
mie | 44\ 56) Gal yalstall gras Qa\Galaal valzed] sioes |! aol 4 64) 72/304 
384] 5.715 8 4]| 5.960 | 40} 44] 48] 72 
470 | 72| 48! 24] 64\134 40| 48] 64] 72/304 5.065 | 40] 48 10} 
Mees) Gal a8l taal zalenihe wae seclonn 56] 72|36 || 5.970 48) 56) 72/23 
.480 | 48| 56| 64| 72 4] 5.725 | 86] 44] 24] 72/283 44| 40] 48] 72/353 
44 || 5.730 | 48] 6 5-975 | 56| 44] 48) 100 
-485 | 72| 48| 32| 6 48| 64] 44] 56)134}| 5-08 ae 
4143 || 5. 5.980 | 44) 48 
"490 | 86| 44) 24] 64/414 pias 48 64 50 alcaa lide calen ae ne i 33, 
‘49s | 44] 48| 50] 86/23 [| 5-745 | 72| 48) 32 BO) EE | S-099) | Bela 64/37 
4/40 || 5-995 | 44] 48] 64) 86/285 
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PLAIN AND DIFFERENTIAL INDEXING ON BROWN & 
SHARPE MILLING MACHINES 


Tue general arrangement of the universal dividing head is illus- 
trated in Figs. 1, 2,and 3. As indicated by the diagrammatic sketch 
Fig. 2, the worm wheel A is secured to the main spindle of the spiral 
head and rotated by means of the worm shaft and single-threaded 
worm B. The index plate (having rows of equally spaced holes) 
remains stationary during the dividing operation, and is fitted with 
adjustable sector arms which obviate the necessity of counting the 
number of holes through which the index crank requires to be moved 
each time a division is made on the surface of the work. The stan- 


Fic. 1.— Brown & Sharpe Dividing Head Arranged for 
Differential Indexing 


dard ratio between the worm B and the worm wheel A is 1: 40; and 
to find the movement of the index crank for any required division, 
the following formula is employed: The movement of the index 


crank = = where NV is the number of equal divisions required. 


Example: Let it be required to divide the circumference of a piece 
of work into 48 equal parts. 


The movement of the index crank for each division = ¥ = 5 revolu- 
lions. 4 s 

An index plate having a row of 18 holes would be chosen, and the 
sector arms set to limit the movement of the index crank to 15 spaces’ 


for 2 = 15- 


6 18 


GENERAL PRINCIPLE OF DIFFERENTIAL INDEXING 


The number of equal divisions which may be obtained by simple 
indexing (with the index plates usually provided by milling-machine 
makers) is strictly limited, and does not meet all the requirements 
called for in practice. j 

Differential indexing provides the most convenient way of over- 
coming this difficulty, this method being simpler than compound 

; 


{ 
j 
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indexing. In the differential system the dividing operation is per- 
formed as in simple indexing, the only difference being that the index 
plate instead of remaining stationary during the process of indexing, 
is made to move relatively to the index crank, being connected to the 
main spindle of the spiral head by a set of change gears, which may 
be arranged to give either a positive or negative movement to the 


Worm Wheel, 
40 Teeth 


Main Spindle 


Sector Arms Index Crank 


vz Worm Shaft 


Wht 


Bingle Thread Worm 
Index Plate 


Fic. 2 
a Wo Wheel 
rm ee 
Change Gears ~ 40 Teeth 
|| Single Thread 
Gc = Worm 
=e Main Spindle 
D 
1 
rr. i Equal Wheels 
| = 
E Equal Spiral 
Gears 
Index Plate 
Index Orank 
Fic. 3 


jindex plate; whichever is found necessary to determine the actual 
‘motion which must be given to the index crank in order to satisfy the 
formula given above for simple indexing: Actual movement of the 
‘index crank = 4°. 

The two views in Fig. 1 and the diagram, Fig. 3, will serve to give 
an idea of the arrangement of the gearing, which is adopted in dif- 
“ferential indexing. 


170 MILLING AND MILLING CUTTERS 


For any movement of the index crank the motion is transmitted to 
the index plate (which is free to rotate on the worm shaft) as follows: 
The index crank drives through the worm shaft and worm B to the 
worm wheel A, which in turn transmits the motion through the change 
gears, spiral gears and equal gears, the last of which is connected 
directly to the index plate. The last pair of gears being equal and 
driven through equal spiral gears, whatever number of revolutions 
are given to the gear /, the index plate will make the same number. 
It is therefore convenient to consider the revolutions of the gear EF, 
as the revolutions of the index plate in all calculations. 

To illustrate the influence of the gearing on the index plate and 
indexing operation, consider the following example: Required to 
index for 107 divisions: 

If we use the plate having 20 holes and move 8 holes per division, 
as in simple indexing for 100 divisions, 100 moves will of course be 
required to rotate the worm 4o turns, which in turn rotates the 
spindle once. If now we make 107 moves with the index plate fixed 


as in simple indexing, we will obtain 107 X eh 42.8 revolutions of 
20 


the worm, which is 2.8 in excess of what is required. Therefore the 
index plate must be geared so that it will move back 2.8 turns while 
the spindle is revolving once; that is, the ratio of the gearing must be 
2.8 tor. ; 


28 _ 285 2 
se 2 I 
he foo BaF a OF 
2 20 40 Dy, Boy 52 
Then 22 = 50 x 64 and the gears will be 64 and 56 for the spindle 
I HOTS 


and first gear on stud, and 40 and 32 for the worm and second gear on 
stud, as shown in Fig. 1. As compound gears are used, but one idler is 
required to cause the index plate to move in a direction opposite to that 
of the crank. For this purpose an idler having 24 teeth is employed. 


Formula for Finding the Gear Ratio 
A simple formula for the determination of the gear ratio necessary 


to rotate the index plate as required for any given number of teeth’ 


is derived as follows: 
Let N equal the number of divisions required to be indexed. 


Let m equal some number either greater or smaller than NV, which 
can be obtained directly by simple indexing. 


Let 4° equal the index setting; that is the setting of the sector 
n 
arms for each movement of the index crank; 


Then » — N X 5 equals the gear ratio. 
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If the number chosen for n is greater than the number of divisions 
required (JV) the index plate must be geared to havea positive motion, 
that is to rotate in the same direction as the index crank. If the 
number 7 is less than NV the index plate is geared to have a negative 
motion, that is, to rotate in opposite direction to the crank. 


Application of the Formula 


Suppose we wish to obtain 63 divisions: choose any number for 
n which may be obtained by simple indexing, say 60, then 


(n — N) = (60 — 63) = — 3 
This number (— 3) when multiplied by the value of the index setting 


will give the gear ratio. The-index setting equals Ag" equals = then 
n lo) 


(nw — N) = 3x aes or = as the gear ratio. 

60 30 
We can cueeioce use gears of 48 ted 24 teeth, the 48 gear being the 
- driver and the 24 gear the follower; that is, ‘the 48 gear being on . 
the spindle and the 24 gear on the worm. As n is smaller than N 
the idlers are arranged to give a negative movement to the index plate. 


The index setting is found above as 4° which equals - or2. We 

n oe 3 
can thus use the 39 hole circle in the index plate and set the sector 
for 26 holes, this giving the setting as 26 or 2; that is, we set the sec- 


3 
tor and index pin exactly the same as for simple indexing of 60 
divisions. 


The tables on the following pages give the dividing head gears for 
indexing all numbers up to 730. 
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g No. 1 Hole Idlers 
‘A 
a xe) q St 

iS) Hy g 5 3 gS = 
Be | geo | edhe fe Gate ae Gt Oe 
Aaithpuck tt pateta| ceeimueTe iRAemelak. axe eee 
2 Any 20 
3 39 | 133% 
4 Any 10 
5 Any 8 
6 39 634 
7 49 5i5 
8 Any 5 
9 27 434 
10 Any 4 

II 33 334 
12 39 335 
13 39 3a9 
14 49 235 
15 39 235 
16 20 239 
17 17 27 
18 27 257 
19 19 275 
20 Any 2 
21 21 14¢ 
22 33 154 
23 23 134 
24 39 13 
25 20 14% 

26 39 159 

27 27 127 
28 49 145 
29 29 139 
30 39 133 
31 31 I3T 
32 20 175 
33 33 135 
34 17 1x7 
35 49 lag 
36 27 Izy 
ot 37 13° 
38 19 Izy 
39 39 Ixy 
40 Any I 
41 41 + 
42 21 3? 


No. 2 Hole 


173 


PLAIN AND DIFFERENTIAL INDEXING 


y + + Sse + + Ey sr 
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2[OH 1 ON v a + a a RE oe SP RT + 3. g 
a a a Re) 
aqpurds wo wo S58 $6 m FB a @agsgg4¥e 
s pris uo =e 
ira Ivan) =puorasg N 
isn) 
g pnis Q 
uo reas) ISI + 
+ ° ist a a 
WHOA, UO IRaxy) Nae OR eS Ce) Cr 9 Sy ah 2h bs 
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a No. 1 Hole Idlers 
ane ~ 2 
ee ° g g & | 
ia) A 2 B 8 fe 
a ea a ee ee sha ee 
8 GS ew hee [amet tag igs ta ge oe 
E a os 4 #5 1 Ss 4 4 z 
Z te . | > |e é 5 %, % 
84 21 +t 
85 17 Tr 
86 43 #5 
87 15 Ts | 40 24 | 34 | 44 
88 33 33 
89 18 1s 72 32 44 
go 27 24 
gt 39 $6 24 48 24 44 
g2 23 a3 
93 18 Ts 24 32 24 44 
94 47 a4 
95 19 15 
g6 21 or 28 32 24 44 
97 20 zo | 40 48 | 44 
98 49 a5 
99 20 Pin 56 28 4o 32 
Too 20 oy 
101 20 oy 72 24 40 48 24 
102 20 35 40 32 24 44 
103 20 30 4o 48 24 44 
TO4 39 $3 
105 21 oy 
106 43 44 86 24 24 48 
107 20 ay 40° 56 32 64 24 
108 27 19 . 
109 16 +5 32 28 24 44 
Ifo 33 ae 
Irr 39 y) | 24 72 | 32 
112 39 ao 24 64 | 44 
113 39 a8 24 56 | 44 
114 39 $5 24 48 44 
115 23 25 
116 29 48 
117 39 43 24 24 56 
118 39 as | 48 32 | 44 
119 39 +4 72 24 44 
120 39 i} 
121 39 % 72 24 24 44 
122 39 +5 48 32 24 44 
123 39 i 24 24 24 44 
31 t 
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a No. 1 Hole Idlers 

2 3 : 2 

A F 2 5 | 8 3 = 

BAUER PEt dees gapsce (ka | ke hie 
3 yl Se nee ee ae He, | oe 
FS} a 7 i} 2 = Ss le] i 
eee Beteo. [et est ike | ee Ve 
125 39 35 24 40 24 44 
126 39 39 24 48 24 44 
127 39 39 24 56 24 44 
128 16 py 
129 39 33 24 72 24 44. 
130 39 3 
I3I 20 a 4o 28 44 
132 33 33 
133 ar aT 24 48 | 44 
134 21 YT 28 48 44 
135 27 27 
136 17 Yr 
137 21 fr 28 24 56 
138 2I 21 56 32 44 
139 21 aT 56 32 48 24, 
140 49 +8 
141 18 Ts 48 40 44 
142 21 or 56 34 24 44 
143 21 aT 28 24 24 44 
144 18 Ts 
145 29 29 
146 21 aT 28 48 24 44 
147 aI aT 24 48 24 44 
148 37 aT 
149 21 2 28 72 24 44 
150 15 is 
I51 20 20 32 72 44 
152 19 Yo 
153 20 20 32 56 | 44 
154 20 zo 32 48 44 
155 3r Br 
156 39 $3 
157 20 20 32 24 56 
158 20 ao 48 24 44 
159 20 Po 64 32 56 28 
160 20 to 
161 20 z 64 32 56 28 24 
162 20 xy 48 24 24 44 
163 20 25 32 24 24 44 
164 41 +t 
165 33 35 
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a No. 1 Hole Idlers 
iB oy ® 
= ° 
a a | 8 | 8 3 
i] 2 EI = 3 Oy a 8 s 
A) ee ee ee ies bee ee 
3 ca tee bee? dees Poe $ 3 
Z 4 4 i) fe a o A A 
166 20 ay ee 48 24 44 
167 20 25 32 56 24 a 
168 21 Pr 
169 20 30 32 72 24 44 
170 17 tr 
171 21 eT 56 40 24 44 
172 43 a3 
173 18 7 72 56 32 64 
174 18 is 24 32 56 
175 18 is 72 40 | 32 64 
176 18 Ts 72 24 24 64 
177 18 Ts 72 48 24 
178 18 is 72 32 44 
179 18 ve | 74 24 | 48 | 32 
180 18 Te 
181 18 ts 72 24 48 32 24 
182 18 ts 72 32 24 44 
183 18 ts 48 32 24 44 
184 23 28 
185 37 37 
186 18 ts 48 64 24 44 
187 18 ay 72 48 24 56 24 
188 | 47 | 39 
189 18 ts 32 64 24 44 
ro | 319 | wy 
191 20 0 40 72 24 
192 20 36 40 64 44 
193 20 30 40 56 44 
194 20 zo 40 48 44 
195 39 39 
196 | 49 43 
197 20 Bs 40 24 56 
198 20 ais 56 28 40 32 
199 20 ty 100 40 64 32 
Hoe) 20 26 
201 20 35 72 24 40 24 24 
202 20 o 72 24 40 48 24 
203 20 vs 40 24 24 44 
204 20 ao 40 32 24 44 
205 41 #1 
206 20 oy 40 48 24 44 


Number of Divisions 


PLAIN AND DIFFERENTIAL INDEXING 177 
No. 1 Hole Idlers 
uw 2 rl 

2 5 5 FI On a 3 3 
CP ie Se Meee (See oe ts, | Cag 
K LerAct uy et a u bs = 
zg 34 8 ZH | 86 3 3 $ 
4 Zz io) 3 a (o) ZA % 
20 at 40° 56 24 44 
20 ay 40 64 24 44 
20 ty 4o 72 24 44 
21 BT 

16 15 64 28 44 

43 ts 86 | 24 24 48 

27 a7 72 40 | 44 

20 vo 40 56 32 64 24 

43 a3 

27 27 

2x Zi 48 64 | 24 | 44 
16 ts | 64 56 | 24 | 44 
a1 3T 28 48 24 | 44 

6 

33 3s 

17 vr 24 24 | 56 

18 is 24 72 44 

43 as 86 48 24 4 24 
I 1s 24 4 44 

27 27 24 J 24 44 
18 1s 24 5 44 

49 z5 56 64 28 72 

18 ts 24 48 44 

18 15 24 44 48 

23 35 

18 is 32 48 44 

29 29 

18 Ps 48 56 44 

18 ts 24 24 56 

ae eg or 

I 1s 4 32 44 

18 ts 48 24 44 

18 ts 72 24 44 

18 es 72 24 64 32 

18 te 

18 35 72 24 64 32 24 
18 15 72 24 24 44 
18 Pr 64 32 24 44 
18 te 48 32 24 44 

49 a5 

18 ve 24 24 24 44 
18 es 48 56 24. 44 


H 
~ 
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No. 1 Hole 

‘Ss - 
ta 2 E/38 | 38 
2 5 = 5 o 
S) a I $ ° so] 
m1 ‘os a me | c= 
3 34 § Za $ 
4 Z () cy & 
31 ar 
18 ys 32 
18 ts 24 
18 vs | 48 | 44 | 32 
18 ts | 24 
33 35 24 
18 5 24 
18 5 48 40 24 
18 vs 24 
49 de | 50 | 48 | 28 
43 z 32 
2I 3r 24 
39 ae 
29 29 48 64 24 
20 ao 4° 
49 56 64 28 
33: Bs 
21 vr 56 40 24 
21 ar 32 
27 ay | 72 
2r 3r 28 
20 64 32 40 
27 
2r 2r 56 
21 3 56 
21 3r 24 
21 2r 56 
2r or 56 
21 zr 56 
2 vr 56 
21 2 56 32 48 
27 ty | 24 
49 as 
2 ?r 72 24 56 
43 gs | 86 | 24 24 
21 2 56 
21 #r 56 
21 ?r 56 
2I 2 56 
21 gr | 24 
21 3y 28 


on Stud 


Gear on Spindle 


No. 1 Hole 


Idlers 


No. 2 Hole 


24 


24 


z 


wo 
> 


ESEEES 
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a No. 1 Hole Idlers — 
‘5 ‘6 f=} a uy. a 

2) © g 5 2 3 | 

wo ee Rg ee leg) teey [es fea 8 
ST Eh Seber ae ee tot [oa ee 
€ are . A a as Sa Fy i . 
Zz | Zz & fate (hat Pest | Se we 
289 2I Ly 56 iB. 24 44 
290 29 z 
291 15 ts | 4° : 48 44 
292 21 or 28 48 24 44 
293 15 ys | 48 | 32 fi4o $556 
294 21 vr | 24 48 | 24 | 44 
295 15 ts | 48 32 | 44 
296 37 Br 
207 33 as | 28 | 48 | 24 | 56 
298 21 3 28 72 24 44 
299 23 vs | 24 24 | 56 
300 15 15 
301 43 as 24 - 48 24 44 
302 16 vs 32 72 24 
303 15 xs 72 24 40 48 24 
304. 16 qs | 24 48 | 44 
305 15 ts 48 32 24 44 
306 15 7s 40 32 24 44 
307 15 ts 72 48 40 56 24 
308 16 15 32 48 44 
309 15 ts | 4° 48 | 24 | 44 
319 31 BT = 
311 16 Ys 64 124 24 72 
312 39 35 
313 16 ps 32 28 56 
314 16 ts 32 24 56 
315 16 ts 64 40 24 
316 16 ts | 64 32 | 44 
317 16 vs 64 24. | 44 
318 16 ys 56 28 48 24 
319 29 os 48 64 24 72 24 
320 16 +s 
321 16 Ys 72 24 64 24 24 
322 23 as | 32 64 | 24 | 44 
323 16 z 64 24 24 44 
324 16 16 64 32 24 44 
325 16 ts | 64 40 24 | 44 
326 16 ts 32 24 24 44 
327 16 1s 32 28 24 44 
328 4t iT 
329 16 ys 64 24 24 72 24 
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Number of Divisions 


—— 


Index Circle 


No. of Turns of 
Index 


Sens abab Seopa 


Gear on Worm 


No. 1 Hole 
3 
8 3 z 
g | °s | @ 
os tH 8 
+3 § ra F 
Bolg | a 
44 24 48 
48 
72 
56 
48 44 40 
64 
40 32 56 
92 
56 
24 32 4o 
64 24 86 
40 
56 32 64 
24 32 40 
32 
44 24 48 
40° 32 64 
24 
24 24 64 
56 
48 
40 
32 
24 
32 48 24 
48 32 100 
64 
28 56 32 
a4 
32 
48 24 56 
32 
56 
24 24 64 
28 64 


Idlers 
3/3 
x m 
col A] 
24 
24 44 
44 
24 44 
24 
24 44 
24 44 
44 
44 
24 
56 
24 
56 
56 
24 
24 
24 
24 
44 
24 
44 
ay 
24 44 
24 44 
24 44 
24 24 
24 
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a No. 1 Hole Idlers 

: ‘3 g 2 

Bed ad emails heer ree ||P eem | ew 

iS ze | 8 eat adlete, B oy ee 

awe die ee declare aaa epee e 3 
| 3 ray peste 3 : 

Z ae |e Soil cae laae il 6 Sa | ee 

371 21 vr | 32 56 24 | 64 

372 18 ts 48 64 24 44 

373 20 26 40 48 32 72 

374 18 1s 72 64 32 56 24 

375 18 1s 24 40 24 44 

37 47 a7 

377 29 25 24 24, 56 

378 OME) ere 32 64 2 44 

379 20 = 48 56 40 72 

390 19 9 

381 18 ts 24 56 24 44 

382 20 an 4o 72 24 

383 20 29 40 68} 44 

384 20 ao 40 64 44 

385 20 30 32 48 44 

386 20 20 40 56 44 

387 43 as || 32 56 28 | 64 

388 | 20 20 40 48 44 

389 20 20 40 44 56 

390 39 30 

391 20 20 48 24 40 72 

392 49 Edy 

393 20 fs =| 40 28 44 

~ 304 20 20 40 24 56 

395 20 20 64 32 44 

396 20 25 56 28 40 | 32 

397 20 | g | 64 24 | 40 || 32 

398 20 | x0 | 100 4o | 64 32 

399 21 ar 32 64 44 

400 20 20 

401 21 or 56 32 24 76 1 

402 21 or 28 48 44 

403 201 ats wal) GOA nll 24a AO} erga, 24, 

404 20 co 72 24 40 48 24 

405 20 20 64 32 24 44 

406 20 %o | 40 24 24 | 44 

407 20 x0 40 28 24 44 

408 20 | x5 | 40 32 24 | 44 

409 20 #9 40 24 | 32 48 24 

410 41 Fr 


Note. Special gears in this and following tables are 46, 47, 52, 58, 
68, 70, 76, 84. 1 Special gear. 
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a No. 1 Hole 
2 oe » 
> rad = 
a 2 a gE 8 § = 
S g 5 = 3 é. a 3 
3 o oh & oy | we 8 a 
Be] sh | 9 |B] ge] a | gs 
a 4G vA & es F Zz 
41 21 sr 28 24 56 
412 20 ¥r 40 48 24 
413 21 g 48 32 44 
414 a1 56 32 44 
415 20} os || 32 48 24 
416 20 a5 40 64 24 
417 21 vr SOW) 32 48 24 
418 20 ts 40 72 24 
419 33 a5 44 28 24 72 
420 21 at 
421 20 | ts | 48 56 | 40 72 
422 20 or 40 44 32 64 
423 a1 ar 72 24 ‘| §6 48 
424 43 a 86 24 24 48 
425 21 tr 72 48 56 40 
426 21 tr 56 32 24 
427 20 ay 40 48 32 92 
428 20 x5 40 56 32 64 
420 21 tt 28 24 24 
430 43 as 
431 21 vr 92 44 28 48 
432 20 Pid 40 56 28 64 
433 20 to 40 44 24 72 
434 21 tr 48 64 24 
435 21 zt 28 40 24 
430 20 xo 40 48 24 72 
437 23 vy 32 64 44 
438 21 vp 28 48 24 
439 43 as 86 24 24 72 
440 | 33 | 3s 
441 21 fr | 32 64 24 
442 20 vo 40 56 24 72 
443 20 vy 40 48 24 86 
444 21 vr 56 48 24 64 
445 33 ried 64 32 44 40 
440 33 | as | 44 24 24 
447 21 vr 28 72 24 
448 20 mal 40 64 24 VE. 
449 33. | ie | SF 4) Be leu 72 
450 33 gs | 44 40 24 


Idlers 


No. z Hole 


$ 


£E 
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a No. 1 Hole Idlers 
2 3 = 2 
a 2 g g § & 3 
a 2 | 3 eee zy | a 2) 8 
Eloy || see | Bees ee | | alee 
E ~ 34 3 BA 85 § é 5 
Zz 4 i oO ig a foo} % Z 
451 33 | vs | 24 24 24 | 44 
452 33 ax | 44 48 24 | 40 
453 33 3s | 44 Le era 5) 
454 49 a | 50 64 28 72 
455 49 # | 28 40 2 64 
450 21 st 56 64 2 72 24 
457 33 3s | 44 681 | 24 | 40 
458 33 a3 44 1 24 24 
459 27 gr | 24 48 24. 72 
pee 23 as 
461 33 gs | 44 28 24, 72 24 
462 33 | vs | 32 64 24 | 44 
403 2i or 56 64 24 86 24 
464 33 as || 44 48 28 56 24 
465 33 3x | 44 2A) 24 100 24 
460 49 a «| 50 48 28 64 
467 33 es | 44 48 32 72 24 
468 39 | go | 28 | 48 24 56 
469 49 aq | 28 48 44 
47° 47 z 
471 49 fs | 56 32 28 76% 
472 49 to \~56 32 28 72 
473 33 gs | 48 64 32 72 24 
474 49 gx | 56 32 28 64 
475 49 ee 40 28 48 
476 49 gx | 56 64. 24 
477 27 a7 | 24 48 24 56 
478 49 Fue se 24 28 64 
479 49 go | 56 32 28 44 
480 | 40) | agy-| 56 | 32 28 40 
48x 37 $7 | 24 24 56 
ue 33\| as 44 56 | 24 72 24 
403 49 a9 5 32 44 
484 49 as | 56 24 28 32 
485 23 xy 461 2 24 100 24 
486 27 Ped 32 56 28 64 
487 39 ao | 24 72 bat | f44 
488 33 Re 64 24. 72 24 
489 23 4 AGE eSB ale 32 64 24 
490 49 


1 Special gear. 


MILLING AND MILLING CUTTERS 


184 
= 2 
i & 
3 (Ss) 
g x 
Zz 4 
491 33 
492 41 
493 29 
494 39 
495 27 
496 49 
497 49 
498 27 
499 49 
500 49 
501 49 
502 49 
503 23 
504 49 
505 49 
506 49 
507 39 
508 49 
509 49 
510 49 
511 49 
512 49 
513 27 
514 49 
515 27 
516 43 
517 49 
518 49 
519 27 
520 39 
521 27 
522 20 
523 27 
524 27 
525 27 
526 49 
527 31 
528 27 
529 27 
53° 15 


No. of Turns of 
Index 


Idlers 
2 
gE | 8 g 4 
= | 3 - ea | 4 
So) ERu aay) Peete |e 
bh _ P= a id a 
See tg) & | ele 
44 68! 24 72 24 
28 48 24 56 
32 64 24 72 
32 4 44 
32 40 24 64 
56 24 28 32 24 
56 32 24 Ad 
48 56 24 64 
56 24 28 48 24 
56 32 28 4° 24 
56 32 28 44 24 
56 32 28 48 24 
46! 64 32 86 24 
56 64 24 24 
56 40 28 48 24 
56 32 28 64 24 
24 24 56 
56 32 28 72 24 
56 32 28 762 24 
56 4° 28 64 24 
28 48 24 44 
56 44 28 64 24 
32 64 44 
56 48 28 64 24 
72 32 24 100 
32 56 28 64 
56 48 28 72 24 
28 64 24 44 
72 56 32 64 
1) 761 48 64 
48 64 24 72 
72 68+ 48 64 
72 32 24 64 
We 4° 32 64 
56 64 28 72 24 
32 64 24 72 
72 24 24 64 
72 44 48 64 
24 56 32 64 
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g No. 1 Hole Idlers 

xe S =| 

= 2 E 3 : su 3. = 3 & 
# 16 )S3) ce | ge 122] oe | 8] # 
EI Aa le 8 | #8 | 8s 3 3 $ 
z 4 | & & le ee z z 
53r 27 ar | 72 48 24 
532 27 a7 2 32 48 64 
533 27 a7 2 32 48 56 
534 27 ar | 72 2 44 
535 27 gy | 72 32 48 | 40 
526)9) | 830i 0] say | 52 64 24 | 44 
537 27 ae 72 28 56 32 
538 29 fs | 58" | 56 24 72 
539 49 | ws | 28 48 2 56 24 
540 27 a 
54t BOs) sel sae |) 56" Voge AS 24 
542 39 so | 52’ | 44 | 32 64 24 
543 2 eae 2 48 | 32 24 
544 15 ts | 40 56 2 64 
545 15 ts | 32 44 24 | 64 
546 39 go | 32 64 24 | 44 
547 27 3 2 32 48 56 24 
548 27 ay | 72 32 48 64 24. 
549 27 ay | 72 48 24 24 
55° ES Uf Se [38 40 | 24 | 64 
551 29 | #5 | 32 64 44 
552 27 zy |-72 24 24 64 24 
553 49 ze | 28 48 24 72 24 
554 27 sy | 72 56 48 64 24 
555 15 ee We 72 44 
556 zs ese ee 44 | 40 | 64 
S57 550] vs. [48 32 2 86 
55 27 vy | 48 Ge 24 | 44 
550 39 | ss | 24 72 24 | 44 
560 43 fs | 86 40 32 64 
56r 27 Ca ee 56 32 64 24 
562 27 Pi 2 44 24 | 64 24 
503 29 | 5 | 58 68' | 44 
564 43 | #s | 86 24 24 | 56 
565 15 ts | 24 56 44 
566 | 43 | as | 86 24 | 24 | 44 
507 15 vs | 32 44 40 64 
568 15 ts | 40 32 24 | 64 
560 29 | 38 44 24 
570 15 vs | 32 64 44 
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Z No. 1 Hole Idlers 
2 8 5 3 
a 2 nt 5 5 : 
se | Sie ele th | Sl ale 
E o ay & os | § a q 
= 8 Sz P #2 = 2 H « 
Z aie aces Ea & Zz Z 
571 43 vs | 86 28 64 | 32 
572 15 ys 40 28 24 64 
573 15 ts | 40 72 24 
574 41 #1 2 64 24 44 
575 15 ts | 24 40 44 
576 15 ts | 40 64 24 
577 43 Fs | 86 32 64 44 24 
578 15 ts | 48 44 40 64 
579 15 ws | 40 56 44 
580 29 obs 
581 15 ts | 48 32 49 76* 
582 15 tr | 40 48 44 
583 2 yy 72 64 24 86 24 
584 15 t | 48 32 | 4o | &4 
585 15 ts | 24 24 56 
586 15 Pi 72 48 40 56 | 
587 29 ts | 581 28 24 | 44 
588 15 ts | 40 32 44 
589 15 Te | 72 44 40 48 
590 15 ts | 48 32 44 
591 15 ts | 4° 24 44 
592 16 te | 24: 72 44 
593 Si fl Sees Fe 28 | 40 | 48 
594 33 gs | 32 56 28 64 
595 15 ae) 72 24 44 
506 15 vw | 2 a4, } 40h | 93 
597 33 vs | 44 50 24 72 
598 16 te .| 4 56 24 72 
599 43 fs | 86 44 24 34 24 
600 15 ys 
6or 29 ef Seek 86 48 72 24 
602 43 s | 32 64 24 44 
603 15 ef 72 24 | 40 | 24 24 
604 | 16 | ye | 32 72 24 
605 5 | xe } 72 a4 24 | 44 
606 15 72 24 | 40 | 48 24 
607 15 72 28 40 48 24 
608 16 32 64 44 
609 15 ts | 40 24 24 | 44 
610 15 ps | 48 32 24 44 
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a No. 1 Hole No. 2 Hole 
2 * = 

A || 3 hl acs eI 

= us) & 5 & By a ae) 4 

2 a |e 3 oz g S 
‘2 ; 4 a8 8 Oy tH 6 q a 

§ gy ea 3 La 5 5 ¢ 3 } 
a nl A o fe a o a a 
61 1s ts 2 44 40 48 24 
612 15 15 40 32 24. 44 
613 16 Ts 64 48 32 72 
614 TN vers 72 48 4o 56 24 
Z 5 I 5 ts 24 es 2 44 

33 as At 32 24 
618 15 #5 40 48 24 44 
ome 16 15 48 28 32 2 
20 31 Br 
621 15 ts 40 56 24 44 
622 16 ts 64 24 24 42 
623 16 16 64 24 24 68} 
rad i ee a ello 
1s 4 40 24 44 
626 16 is 32 28 56 
oa I 5 15 40 72 ms 44 
2 

62 6 - 64 a A 
630 16 as 64 40 24 
ab #6 15 a 28 56 72 
Ssi| x6) | ee Hea Be: | (Oras 
634 16 1s 64 24 44 
635 15 is 24 56 24 44 
636 16 jy 56 28 48 24 
637 49 ts 24 24. 56 
638 29 25 48 64 24 72 24 
630 33 | ys | 44 28 | 32 | 64 

40 q Say 
641 33 3s 44 32 48 76+ 
642 16 ts 72 24 64 24 24 
643 16 vs 64 28 56 24 24 
644 | 49 | #5 | 56 32 44 
645 5, |! Sits 24 72 24 | 44 
ae = ss ee 24 24 44 
47 I 4 2 24 | 44 
648 16 as 64 32 24 44 
649! | 33) | “ee | 192 48 24 
650 16 ps 64 24 44 
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g No. 1 Hole No. 2 Hole 
iS 3 2 
A 2 a E § 4 2 
2 g 5 = re 3.5 é = 2 
8 O | ey aes: O38 3 2 z 
| é ie & ee | Be = s 
651 16 ts 64 44 24 24 
652 16 1s 32 24 24 | 44 
653 33 as 2 28 44 48 
654 16 | ae | 64 56 24 | 44 
655 16 Ys 64 40 32 48 24 
656 160 ts 24 24 24 44 
657 ro | os 32 48 24 56 
658 16 py 64 24 24 72 24 
659 160 ts 64 24 24 76 24 
Cane S3ign || Mate 
661 10 fy 64 56 48 72 24 
662 16 hy 64 44 24 48 24 
663 17 yy 24 24 56 
664 16 Js 32 48 24 44 
665 49 is 56 40 24 44 
666 18 ty 24 72 44 
667 16 fr 64 48 32 72 24 
668 16 is 32 56 24 44 
669 33 ay 44 24 24 24 
670 33 as 72 48 44 40 24 
67 I 3 3 7 72 48 24 24 
72 I 24 4 44 
673 16 tr 48 44 32 72 24 
674 33 vs 72 56 44 48 24 
675 33 as 44 4° 24 24 
676 16 ts 32 72 24 44 
ie » a 48 32 24 a 
7 I 5 | 24 5 44 
pike 49 as 28 44 24 | 40 
1 17 17 
681 33 as 44 56 24 24 
682 33 ¥s 48 64 24 24 
683 10 ts 32 86 2 44 
684 18 ts 32 64 44 
685 8 | 4s 24 56 | 48 | 40 
a I § My 40 64 24 86 , 24 
7 I 24 44 4 
688 16 py 24 72 24 44 
689 39 ts 24 48 24 56 
690 18 ps 24 40 56 
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ES No. 1 Hole Idlers 
‘3 

2 3 2 

By eave ave here: eign ih a 

2 2 a = 8 ay BF 3 3 
8 o ae 8 os | 3h 8 qi a 
= x SE 5 23 5 a XS H a 

35 Z 5 

Z GA: oh eecall bee BPRS Z Z 
691 18 ds 48 32 24 Boe 
6092 18 We 72 56 32 64 
693 18 is | 32 48 44 
604 17 saz) Oe 56 24 | 44 
605 18 a 72 24 24 100 
696 18 is 2 2 56 
697 17 tr | 24 24 24 44 
698 18 ee ata? 44 24 48 
699 = Soles 542 yi 44 

yoo | 1 vs | 72. | 40 32 4 

7Or 17 yy 68! | 48 32 56 24 
702 18 as 24 24 56 

703 EO eos | 2 72 44 

704 18 ts | 72 24 24 64 

705 1 | zs | 48 40 44 

706 a 1s 72 56 : 24 

ee ale ee ve a8 | 24 

709 cD er ce 44 24 

710 18 is | 72 40 24 

ye [aah oe hee coos 

is 32 ae 

713 s 1s 72 28 44 

734 I is 12 on 44 

715 18 tr, | 72% || 82 64 40 

716 18 qs 72 28 56 32 

717 18 tr | 7 24 64. 32 

718 33 $5 44 581 24 64 24 
719 17 17 682 | 52% 24 72 24 
720 I are 

721 21 vr 24 64 32 681 

722 19 19 32 64 44 

723 18 qe 2 24 64 32 24 
724 18 qs D 28 56 32 24 
725 18 ts | 72 24 48 40 24 
726 i | ts | 72 24 24 | 44 
727 8 | ys | 72 28 24 | 44 
728 w8 | ys | 72 32 24 | 44 
729 18 ts | 64 32 24 44 
730 20) | ye e324) 48 24 56 
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192 MILLING AND MILLING CUTTERS 


MILLING CUTTER, REAMER AND TAP FLUTES 


THE following tables give the number of teeth or flutes suitable 
for milling in various types of cutters, reamers, taps, etc., and also 
show the forms of fluting cutters used. 


Enp MILLs 

STRAIGHT TEETH SprrAL TEETH 

Dia. Mill No. Teeth Dia. Mill No. Teeth 

1 6 4 to 3 8 
zs to es 8 ys to 3 10 

§ tox 10 1 toi} 12 
1¢ tor? 12 1% tor4 14 
14 14 


Sect Enp Micts; STRAIGHT OR SPIRAL! Tyserrep Tootu Currers, P. & W. Form 


TEETH 

Dia. Mill No. Teeth Dia. Cutter No. Blades 
4 be) 
5 12 
6 16 
7 18 

1} to 1355 16 8 20 

1§ to 275 18 Io 24 

2% to 3 20 12 28 

Merat Srirtinc Currers 
Thickness Pitch Thickness Pitch 

sr ts Bs ts 

ts t ts +4 

ts 33 t 8 

3 rs 


Screw Stotrinc CuTrers 


Cutters thinner than yy cut 4 pitch. 
Cutters yy to 9°, thick cut 7; pitch. 
Cutters over yj thick cut 3%; pitch. 


PLAIN MILLING CUTTERS 193 


Prain MiLiinc Currers Frurine Currers 
Dia. of Cutter No. of Teeth 

2 to 2} 18 

Bet0 3% 20 r ~~ 

AM tones 22 1 40°to 48° 

sito 6 24 

64 to 8} 26 

9 to of 28 

9% to 10 30 
Io} to 11 32 


Form of Cutter for Milling 
Teeth in Plain Milling 
Cutters. 


Plain cutters of $-inch face and over are generally made with 
spiral teeth. The 12-degree angle on side of fluting cutter gives 
ample clearance for cutting spiral grooves with the 12-degree face 
set on the center line of the work. 


SIDE OR STRADDLE MILLS 


Dia. of Cutter No. of Teeth 


A 
2 16 
2h 20 
2} to 34 24 
3 to 4} 26 
5 tos? 28 
6 to 6} 30 
7 to 7} 32 
8 to 8 34 


Angular Cutter for Milling 
Teeth in Straddle Milling 
Cutters. 


For milling teeth on periphery of straddle mills use angular cutter 
with 60 degree angle at A; for milling teeth on sides of cutters use 
70°, 75° or 80° cutter according to number of teeth in cutter to be 
milled. 


194 MILLING AND MILLING CUTTERS 
Corner Rounpinc CUTTERS Fiurinc Cutters 
Dia. Cutter Rad. Circle No. Teeth 
35 to 40° 
2 ys to} 14 
2} gz to} 12 
2} to 34 ag to } Io 
3t th tot 8 
ConcavE AND Convex CUTTERS 
Dia. Cutter Dia. Circle No. Teeth 
Angular Cutter for Milling 
2 4 to} 12 Teeth in Corner Round- 
2} to 34 # to rt 10 ing, Concave and Convex 
34 to 4 1} to 2 8 Cutters. 
ANGULAR CUTTERS 
Dia.of Cutter No. of Teeth 
24 18 B 
2} 20 
3 22 


Dousie ANGLE CUTTERS 


Dia. of Cutter No. of Teeth 


24 to 3 


CuTTeRS FoR SpirAt MILLs 


Dia. of Cutters No. of Teeth 
2k 18 
22 20 
3 22 


\Cutter for Milling Teeth in 


Angular Cutters, Double 
Angle Cutters and Cut-. 
ters for Spiral Mills. To 
cut Teeth on side A of 
this Cutter use 60° Cutter. 
To cut side B use 70°-75° 
Cutter, 


SCREW MACHINE TAPS 195 
Hanp Taps Tap Fiurinc CurrEer 
Dia. of Tap No. Flutes 
zs to 1} 4 
1% to 23 6 
3 to4 8 
3 to 4 “mm. 3 
5 to 44 mm. 4 
46 to 50 mm. 6 
Macuine Screw Taps 
Dia. of Tap No. Flutes 
No. 1 to 7 3 
No. 8 to 30 4 
Tarrer Taps 
Dia. of Tap No. Flutes 
With 
# to 18 4 3 Flutes in Tap, B= $ Dia. Tap 
ad 2 : 4 Flutes in Tap, B = 4 Dia. Tap 
< 5 Flutes in Tap, B = }§ Dia. Tap 
6 Flutes in Tap, B = 44 Dia. Tap 
MACHINELOE NYT Lars 7 Flutes in Tap, B = 3 Dia. Tap 
8 Flutes in Tap, B= } Dia. Tap 
Dia. of Tap No. Flutes 
With 
ts to 7s 4 3 Flutes in Tap, E = ¥; Dia. Tap 
a 2t 5 |4 Flutes in Tap, E= } Dia. Tap 
3t ‘he 7 5 Flutes in Tap, E = 3% Dia. Tap 
6 Flutes in Tap, E = 4} Dia. Tap 
ee es 7 Flutes in Tap, E = # Dia. Tap 
8 Flutes in Tap, E = % Dia. Tap 
Dia. of Tap No. Flutes . 
In milling taps with the convex 
+ to rh cutter the cutter must be central with 


13%; to 2 


4 
6 


the tap. 
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Tarver Pipe Taps 


Tar Frurinc Currers 


Dia. of Tap No. of Flutes 


gto 3 
t 


to 14 
2 


2} 


I 


HO ONIN 


H 


3 
3h to 4 


Srraicut Pipe Taps 


Dia. of Tap No. of Flutes” 
B 
tto 4 4 
f to 1 5 
1} 6 
2 7 Cutter A is a regular tap fluting cutter 
2} 8 that may be used if preferred for fluting 
3 9 any kind of tap in place of convex 
34 10 cutter B. 
Pree Hoss 
Hos Fiutinc 
Dia. Hob | ,No-. | pia. Hob | ,No. | COTTER 
I 12 3 28 
1}tor} | 16 3h 34 
2 20 4 36 
2h 24 44 46 
Setters Hoss Hos Taps 
N No. cid No. 
Dia. Hobs Watss Dia. Hob Flutes Dia. Hob Flutes 
3 to 6 | rBto24] x2 + to 3 6 
4 to § 8 |} 2gto2g] 14 || ¥to HH 8 In _ fluting 
#to14 | 10 3 to4 160 i tor4| 10 |hobs leave 
1% to2 12 jland inch 


wide on top. 
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SHELL REAMERS 


8 g 8 

= 2 = 

Dia. of Reamer - Dia. of Reamer . Dia. of Reamer ie 
° 

6 6 6 

vA A 4 

ft to? 6 24 to 1} Io 2% to 2} 14 

$$ to $ 8 144 to 2} 12 223 to 4 16 


CuTTERS FOR FLUTING REAMERS 


Dia. of R = Radius Dia. of | R= Radius 
Reamer of Corner Reamer of Corner 
R 
t to ss ° 1% tor} zs 
tto 3 ve Iz'5 to 2} ory 
gto 8 az 2775 to 3 16 
Z tol it 9 
————| 

A= Am’t Cut- A = Am’t Cut- 

Dia. of ting Edge is Dia. of ting Edge is 


Reamer Ahead of _Reamer Ahead of 


Center Center 
4 OIL it 066 
2 016 13 076 
4 .022 2 .087 
2 027 2} 098 
i 033 24 -109 
s .038 2} .120 
I 044 3 131 

1} 055 


The typeof cutter shown may be used for all classes of reamers 
except rose reamers. 
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Rost CHUCKING REAMERS 


Use 75°Angular 
Cutter for End. 


Use 80° Angular 
Cutter for Flutes 


Depth of Groove=% to }¢ Dia. 


= Se) 
eS i= 
: * No. of i + No. of 
Dia. of Reamer | ‘5 y Pintes Dia. of Reamer | ‘§ 4 whites 
AS) - 
A v4 
lto 4 6 3 1} to 2 12 6 
8 tor 8 4 2} to 24 ee ih 
1} to rh 10 iy 2} to 3 16 8 


TAPER REAMERS 


Morse TAPER 


No. of Taper 


otor 
2to4 


5 
6 
7 


B.& S. TAPER Jarno TAPER 
33 3g 
No. of Taper $B No. of Taper 65 
Ae fe 
rto 5 6 2 4 
6 to 10 8 3to 4 6 
11 to 12 10 5 to 10 8 
13 12 rr to 15 10 
14 to 16 14 16 to 18 12 
16 to 18 16 19 to 20 14 


Tarer Pin Reamers 


No. of Reamer 


| Locomotive Tarer REAMERS 


0000 to 00 
oto 7 
8 to 10 
11 to 14 


Sel Dia. of Reamer No. of Flutes 
4. to 4 6 
6 to 1} 8 
. 8 Tyg to 1} To 
Io 148 to 2 12 


= 
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CENTER REAMERS 


DIAMETER OF STRADDLE MILL FOR FLUTING 3 TLUTES) 


Outside Outside 


Size of Reamer Dia. of Size of Reamer Dia. of 
Cutter Cutter 
4” cut a} ‘4 cut 3h 
2” cut 24 i cut 32 
s cut 3, 1” cut 4 
Y cut 3 


CUTTER KEYWAYS 


SQUARE KEYWAY 


‘ia. Hole, A ste a3 18- 1$|typ—1 $1751 9/146 -2| 275-25 215-3 
Tidth aan WwW az g 35 te t 1s is 
Septh,D....| g | re | vz | sa 3 32 | ts 5 
dius, Ran.|.o26 .030 | .03§ | .o4o | .050 | .060 | .o60 | .0o60 


Se oe 


Hartr-Rounp KEyYWAY 


ha. Hole, A.| 3-8 | 44-48 | $18; | rd429| 14-2 |oy—27%| 23-3 
Hdth,W....| 4 +3 4 3, 3 z 4 
pth, D....| ys | se 8 v3 ts 3 +e" 
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a 


N 
Width of Slot} Diameter of Width of Slot Depth Extreme Limit 
A Neck of Cutter B € D 
Inches Inches Inches Inches Inches 
3 aa 3 ar ts 
i i " : bi 
xs i ii ki th 
Ce eee 
116 

i $4 vi I 
j ii re i a 

I $3 I + 15 


These cutters are made 3; inch larger in diameter and yy inch 
greater in thickness than the figures given, to allow for sharpening. 


LARGEST SQUARES THAT CAN BE MILLED ON ROUND STOCK 


- Decimal . . Decimal . 
Diam. of re Size of | Nearest || Diam. of | Size of | Nearest 
Stock Fane 4! Square | Fraction]! Stock — & | Square | Fraction 


+125 .088 sr = 
sEOTS | 6133 ++ 
«250 Bie dy] 4 
ju25. |) 427 ehh 
+375 | +265 | 3 

-4375 | +309 | ve— 
500 | .354 | $i — 
5625 | .398 | 43+ 
625 | .442 | te+ 


1.5625 | 1.105 | 144 — 
1.625 | 1.149 | Ips — 
1.6875 | 1.193 | Ips + 
1.750 | 1.237 | 143+ 
r.8125 | 1.282 | 19 
1.875 | 1.326 | r4}— 
1.9375 | 1-370 | 1$ — 
2.000 | 1.414 | 143+ 
2.0625 | 1.458 | 14} + 
ae 


apramcper canst cfrahobeemabiamsjou-charcinah femme 
eg 
nN 
wn 


-6875 | .486 | 4+ 2.125 | 1.502 | 14 
750 | .530 | 44— 2.1875 | 1-547 | 18} 
: 574 | #i-— 2.250 | 1.591 | 14$— 
875 619  — 2.3125 | 1.035 | 14} — 
-9375 | -663 | 44+ 2.375 | 1-679 | 1@$ + 
4 1.000 707 | 42+ 2.4375 | 1-723 | 183 + | 
I 1.0625 | -755 2 + 2.500 | 1.768 | 143+ 
I T0235 795 | #- 2.5625 | 1.813 | 1 
I 1.1875 | .840 | #4— 2.625 | 1.856 | 183 — 
I 1.250 884 | 3$— 2.6875 | 1.900 | 193 — 
I 1.3125 | .928 | $$ + 2.750 | 1.044 H + 
1.375 972 | 44+ 2.8125 | 1.989 | 1$$ + 
1.4375 | 1.016 | ty + 2.875 | 2.033 | 295 + 
T% =} 1.500 | r.06r | tye — 2.9375 | 2.077 | 2¢ — 
Side of Largest Square = Dia.of Stock X .707 3-000 | 2121 | 2$ — 
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TABLE oF DIVISIONS CORRESPONDING TO GIVEN CIRCUMFERENTIAL 
DISTANCES 


This table gives approximate number of divisions and distances 
ipart on circumference, corresponding to a known diameter of work. 
‘t is useful in milling-machine work in cutting mills, saws, ratchets, 


DISTANCE ON CIRCUMFERENCE 
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5 5] 20/17} 14|12]}11}10] g| 8] 7 
226/113] 56) 38] 28] 23] 19| 16| 14] 13]11r] 10] 9] 8 
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378|189| 94| 63] 47| 38] 31] 27] 24] 22] 19] 17} 16 
29 | 25 | 22 | 20] 18 | 17 
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For example: A straddle mill, say, 5 inches in diameter, is to be 
at with teeth 7 apart. Without a table of this kind the workman 
ill have to go to the trouble of multiplying the diameter by 3.1416 
id then divide by 75 to find the number of teeth to set up for. In 
ve table, under +4 and opposite 5, he can find at once the number 
' divisions, as 36. Where the table shows an odd number of teeth, 
"te more or less can, of course, be taken if it is important to have 
en number of teeth. 


202 MILLING AND MILLING CUTTERS 


MILLING SIDE TEETH IN MILLING CUTTERS’ 


Tue table gives the angle at which to set the dividing head of a 
miller when milling the side teeth in milling cutters. 


MitiwwGc Sme TEETH IN MILLING CuTTERS. ANGLE TO SET 
Diviinc Heap 


ANGLE oF CuTTER USED 


No. of 

Teeth) 45 50° 60° 65° 70° 75° 80° 85° 
6 36° 08’ | 50° 55’ | 62° ax’ | 57° 08’ | 83° 17% 
7 43° 36" | 54° 13’ | 62° 50’ | 70° 22 
8 32° 37 | 54° 44’ | 61° 30’ | 68° 30’ | 74° 04 


The table shows the angle to the nearest minute, but as an ordina 
dividing head is not graduated to read in minutes, the nearest q 
degree is taken. 
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CUTTING SPEEDS FOR COLD SAW CUTTING-OFF 
MACHINES 


The table on page 204 shows the practice of the Brown & Sharpe 
‘fg. Co. The semi-high speed still is used for soft steel but high 
need is recommended for cutting tool steel. A good lard cutting oil 

preferred though it can be dark colored and more impure than for 

crew machines. 

The experience of this company has led to the adoption of the saw 
»oth shown herewith. This allows a slower speed and coarser feed 
aan finer teeth, and cuts stock more easily and quickly. 


14’ Space 
/ 
Radius = lys Space 


Screw Diam. ° Thickness 
/ 
16'to 18” 5/32! 


Z| EY fy 22! aay! 


Section of Cut 


Newton Machine Tool~Works recommend a high speed and light 
eed for steel low in carbon and manganese to keep the chip thin as 
sossible. Up to 35-point carbon use 60 to 65 feet per minute for 
lid blades. From 35 to so-point carbon, 55 to 60 feet per minute 
nd less feed. Above 50-point carbon use inserted tooth saws. With 
iserted tooth saws speeds can be from 50 to 80 feet per minute 
’n 50 to 70-point carbon, but only on heavy, rigid machines. For 

atting sprues in steel foundries a solid tooth saw with a speed 

‘f 55 feet per minute and a feed of } to $ inch per minute is recom- 

ended. 

The work should be flooded at all times with any good cutting 

ommpound which does not rust. A good mixture is: whale oil, 9 
buarts; pure lard oil, 2 gallons; sal soda, 15 pounds; and 4o gallons 
hi water. : 

_ The Tindel-Morris Co, give 3 inch per minute as a safe feed for 
eel bars of 45-point carbon from 2 to 10 inches in diameter. The 
»eed of inserted tooth saws is given as 25 to 30 feet per minute, as 
ais, with a coarse feed, gives good results. This is with } inch spacing 

-stween teeth. Liberal power is needed —a 36-inch saw requiring 
om ro to 15 horsepower. 
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| TURNING AND BORING 


THE accompanying table is a ready means of figuring machine time 
ja turned, bored or faced work. 

The ordinary method employed is to ascertain the number of feet 
ja the circumference of the piece by multiplying the diameter in 
aches by 3.1416 and dividing by 12. The next step consists of 
| ividing the length by the feed used, which gives the entire number of 
-evolutions the piece must make. 


CONSTANTS FOR CutTtinc Trve, IN MINUTES 


Selle Currinc SPEED 


‘Two Cuts at | 15 Feet | 18 Feet | 20 Feet | 25 Feet | 30 Feet | 35 Feet | 40 Feet 


1764 1-32 1.676 1.306 1.257 I.005 0.8378 | 0.7181 | 0.6281 
I-32 1-16 0.8378 | 0.6981 | 0.6283 | 0.5027 | 0.4189 | 0.3590 | 0.3141 
16 1- 8 0.4189 | 0.3491 | 0.3142 | 0.2513 | 0.2004 | 0.1795 | 0.1570 
8 1-4 0.2094 | 0.1745 | 0.1571 | 0.1257 | 0.1047 | 0.0898 | 0.0785 
One Cut at 


1-64 I-II7 0.9308 | 0.837 0.6702 | 0.5585 | 0.4787 | 0.4189 
I-32 0.5585 | 0.4654 | 0.4189 | 0.3351 | 0.2703 | 0.2394 | 0.2004 
I-16 0.2792 | 0.2327 | 0.2094 | 0.1676 | 0.1396 | 0.1197 | 0.1047 
1-8 0.1396 | 0.1164 | 0.1047 | 0.0838 | 0.0698 | 0.0598 | 0.0524 
I- 4 0.0698 | 0.0582 | 0.0524 | 0.0419 | 0.0349 | 0.0299 | 0.0262 


Two Cuts at | 45 Feet | 50 Feet | 60 Feet 70 Feet | 80 Feet | 90 Feet |100 Feet 


I-64 1-32 0.5581 | 0.5027 | 0.4189 | 0.3590 | 0.3142 | 0.2793 | 0.2513 
2-32 1-16 0.2793 | 0.2513 | 0.20904 | 0.1795 | 0.1571 | 0.1396 | 0.1257 
fez-10 2-15. 0.1396 | 0.1257 | 0.1047 | 0.0898 | 0.0785 | 9.0608 | 0.0628 
oa 8) x 4 0.0698 | 0.0683 | 0.0524 | 0.0449 | 0.0393 | 0.0349 | 0.0314 
"One Cut at 


1-64 0.3723 | 0.3351 | 0.2793 | 0.2304 | 0.2004 | 0.1852 | 0.1676 
| I-32 0.1862 | 0.1676 | 0.1396 | 0.1197 | 0.1047 | 0.0931 | 0.0838 
I-16 0.0931 | 0.0838 | 0.06¢8 | 0.05908 | 0.0524 | 0.0465 | 0.0419 
1-8 0.0465 | 0.0419 | 0.0349 | 0.0299 | 0.0262 | 0.0233 | 0.0209 
4 0.0233 | 0.0209 | 0.0175 | 0.0150 | 0.0131 | 0.0116 | 0.0TOS 


Having the circumference in feet and the number of revolutions, 
* is necessary to multiply them to find the entire number of feet 
eaveled. Dividing this result by the speed 6f cut in feet per minute 
» ill give the actual cutting time in minutes. 

The figuring is not complicated in any way, but it has the disad- 
antage of taking too much time. It can be resolved into the follow- 
ag formula: 
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Diameter X 3.1416 X length in inches dines ie sae 
12 X speed X feed _in inches 


The known factors in the case can be resolved into a constant 
which is directly dependent on the feed and speed; hence, a table 
covering a wide range of speeds and feeds is necessary for their proper 
use. 

One part of the table gives constants for two cuts at ;4-inch and 
#y-inch feed, up to 4-inch and j-inch feed, at any speed from 15 feet 
to roo feet per minute. ‘The rest of the table gives constants for 
one cut at ;4-inch up to and including }-inch feed, also at any speed 
from 15 feet to too feet per minute. 

A typical computation is as follows: 

A piece 4 inches in diameter, 10 inches long, is turned with two cuts 
at 75-inch and 45-inch feed, each with a cutting speed of 20 feet per 
minute. Diameter X length in inches X constant = time in min- 
utes. 4X 10 X 0.6283 = 26 minutes. 

If, for the purpose of accuracy it is thought advisable, in connec- 
tion with these two cuts, to run another cut over, the constant 0.6283 
is added to a constant for the third feed used. If this feed is ;-inch, 
then we have 0.6283 + 0.8378 = 1.4661, the constant for three cuts, 
one of ;'s-inch, one of y'y-inch, and one of ,y-inch feed. 


TasLte Has WmeE APPLICATION 


There is hardly a combination of feeds and speeds that it is not 
possible to secure by inspection from the table. By interpolation 
an added number can be secured. 

The table can be adapted, on account of its wide range, to the 
known individual performance of any lathe or boring mill in the shop. 
No slide rule or any special operations are necessary to secure the 
desired results, merely a knowledge of multiplication. 

For flange facing it is possible to use the table with the same ease 
as for boring and turning by figuring on the main diameter. 


Rotary Curtinc Sprrep 


An easy method of calculating the cutting speed of a lathe tool 
or milling cutter is to divide the number of revolutions by 4 and 
multiply by the diameter in inches. This gives the cutting speed 
in feet per minute. Dividing 3.1416 by 12 gives .262 and .25 is very) 
close after allowing for belt slip. 

Let D = diam. of work, cutter or boring bar. 
N = revolutions per minute. 
C = cutting speed in feet per minute. 


N NG. xo } 
C= thes Nisa se oe Vg) aha eo 
Latur Toot Tests 


In testing steels for lathe and similar tools it has become cull 
mary to use standard material, speeds, feeds and depth of cut. 
some cases tools are run until they break down, in others they 
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passed if they stand up for a specified time. on 20-point carbon steel 
is often selected and cuts } inch deep with 4; to § inch feed at cut- 
iting speeds of from 60 to go feet per minute. 

The U. S. Navy Department specifies that a 4-inch lathe tool 
shall stand up for 20 minutes with a 3%;-inch cut and ,';-inch feed at 
‘5o feet per minute without regrinding; the material must be at least 
'80,000-lb. tensile; and 50,000-lb. elastic limit with a 25 per cent. 
elongation in 2 inches. The steel is annealed before the test. 


CuTTINnG LUBRICANTS 


Cast iron is usually worked dry, but when hard cast-iron gears are 
‘to be cut, as with three cutters, the first cut through will work better 
with strong soda water. It makes an objectionable mess, but the 
work will be done faster and the cutters keep sharper longer than 
with the dry process of cutting. 

Brass and babbitt are usually cut dry, but to hand-ream brass and 
‘babbitt is sometimes difficult if the reamer is a little dull. Kerosene 
‘and turpentine are used with good results. Cast iron can be hand- 
weamed easily with tallow and graphite, mixed, and the hole will 
‘be kept just the size of the reamer. Copper can be worked well with 
ilard-oil and turpentine mixed. . 

In boring babbitt bushings and rod boxes in a lathe or boring mill, 
‘it is very difficult to work the material dry as the chips have a great 
‘tendency to roll around the tool and into a hard ball, tearing the 
«metal and making a rough ragged hole. In this case kerosene and 
‘lard-oil mixed will work well. 

Cheap oil is sometimes used as a lubricant for cutting, but soap 
water or soda water is better for iron and steel shafting and with a 
sharp tool and light finish cut the work will be smooth enough to 
polish without filing. 

Rawhide is a very peculiar substance to work, and to drill it with 
a twist drill is a tedious job, as the flutes will clog and stick if run dry. 
‘A cake of soap held against the drill will prevent all trouble and 
sticking of drills. It is bad practice to use oil on rawhide as it injures 
‘the fiber and loosens the glue. Drills should be run at very high 
speed in rawhide to work well. 

Turpentine is good in some cases where fitting is done, such as 
scraping lay-out plates, or face plates. Oil will form a coating so 
‘that marks cannot be seen plainly, but turpentine will prove bene- 
ficial on this kind of work if used freely. The marks can be seen 
plainly, and the work is a great deal easier to scrape than with an 
oil surface, as the oil glazes over the surface and makes it hard to 
»start a tool. 


GRINDING AND LAPPING 


GRINDING WHEELS AND GRINDING 


The Commercial Abrasives 


Emery, corundum, carborundum, and alundum are the ordinary 
commercial abrasive materials. They vary in hardness, though it 
does not follow that the hardest grit is the best for cutting purposes; 
the shape and form of fracture of the particles must also be taken 
into consideration.. We may imagine a wheel made up from dia- 
monds, the hardest substance in nature, and whose individual ker- 
nels were of spherical form; it is quite obvious that it would be of 
little service as a cutting agent; on the other hand, if these kernels 
were crystalline or conchoidal in form it would probably be the ideal 
grinding wheel. 

Emery is a form of corundum found with a variable percentage of 
impurity; it is of a tough consistency and breaks with a conchoidal 
fracture. 

Corundum is an oxide of aluminum of a somewhat variable purity 
according to the neighborhood in which it is mined; its fracture is 
conchoidal and generally crystalline. 

Carborundum is a silicide of carbon and is a product of the electric 
furnace; it breaks with a sharp crystalline fracture. 

Alundum is an artificial product, being a fused oxide of aluminum. 
It is of uniform quality with about 98 per cent. of purity. It breaks 
with a sharp, conchoidal crystalline fracture and has all the tough- 
ness of emery. 


Grit and Bond 


A GRINDING wheel is made up of the “grit” or cutting material, 
and the bond. The cutting efficiency of a wheel depends largely on 
the grit; the grade of hardness depends principally on the bonding 
material used. The efficiency in grinding a given metal is dependent 
largely upon the “‘temper,” or resistance to fracture, and, as noted 
above, upon the character of fracture of the grit or cutting grains of 
the wheel. 

The function of the bond is not only to hold the cutting particles 
of the wheel together and to give the wheel the proper factor of safety 
at the speed it is to be run, but it must also be possible to vary its 
tensile strength to fit the work it is called upon to do. We often hear 
the operator say that the wheel is too hard or too soft. He means 
that the bond retains the cutting teeth so long that they become 
dulled, and this wheel is inefficient; or, in the case of a soft wheel, 
the bond has not been strong enough to hold the cutting teeth and 
they are pulled out of the wheel before they have done the work 
expected. 
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The bond to be used for a given operation depends on the wheel 
and work speeds, area of wheel in contact with the work, vibration in 
wheel spindle or work, shape and weight of work, and many other 
‘like variables. . 

Wheels are bonded by what are known as the vitrified, silicate, 
elastic and rubber processes. No one bond makes a superior wheel 
for all purposes; each one has its field. 

The vitrified bond is made of fused clays, is unchanged by heat 
ior cold, and can be made in a greater range of hardness than any 
‘other bond. It does not completely fill the voids between the grains, 
sand, therefore, a wheel bonded in this way having more clearance 
than any other, is adaptable for all kinds of grinding except where 
the wheel is not thick enough to withstand side pressure. This bond 
has no elasticity. 

_ The silicate bond is composed of clays fluxed by silicate of soda at 
low temperatures. It is not as stable as the vitrified bond as regards 
dampness, gives less clearance between grains, and has a range of 
hardness below that of the vitrified in the harder grades. This bond 
has no elasticity and will not make a safe wheel of extreme thinness. 

The elastic bond is composed of shellac and other gums. It com- 
pletely fills the voids of the wheel, has a limited range of grades, has 
va high tensile strength and elasticity, and can be used for the making 
sof very thin wheels. The rubber or vulcanite bond has the general 
characteristics of the elastic, but its grades of hardness cannot be 
varied to the same extent and its uses are limited. 


Grain and Grade 


GRINDING wheels are made in various combinations of coarseness 
and hardness to meet the variety of conditions under which they 
are used. The cutting material is crushed and graded from coarse 
‘to fine in many sizes designated by number. ‘Thus the sizes of grain 
used in the Norton wheels are numbered 10, 12, 14, 16, 20, 24, 30, 
36, 46, 50, 60, 70, 80, go, I00, 120, 150, 180, 200. Finer grades 
known as flour are also used, sometimes these being designated as 
F, FF, FFF, etc. By No. 20 grain is meant a size that will pass 
through a grading sieve having 20 meshes to the linear inch. 
| The term “grade” refers to the degree of hardness of the wheel or 
‘the resistance of the cutting particles under grinding pressure. A 
| wheel from which the cutting particles are easily broken, causing it 
to wear rapidly, is called soft, while one which retains its particles 
longer is called hard. 
t 
; “Minimum Thickness of Wheels 
Tables 1, 2, and 3 by the Norton Company, show minimum thick- 

aess of wheels made by the different processes. A wheel of fine grit 
‘can be made thinner than a wheel of coarse grit, and have the same 
‘actor of safety. The minimum thickness depends upon both the 
liameter and the coarseness of the grit used. 

For example, a 24-inch vitrified wheel of No. to or No. 12 grain 
should not be made thinner than 2 inches, while if a grain No. 36 or 
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Taste 1.— Minimum TaickNess OF Exastic WHEELS 


Grain 
14 and 16 | 20and 24 | 30and 36 | 46 and 60 | 7oand finer — 
: 
Me ne in Minimum Thickness of Wheels in Inches | 
| 
\ 
.28 to 30 i i i i ie 
24 to 26 3 3 4 4 3 
20 to 22 4 4 s 3 $ 
16 to 18 3 zg + + ry / 
14 to 15 t t 16 ts 5 
10 to 12 y's is t $ $ ! 
7 to9 ts s 8 ts vs 
5 to 6 ts $ 18 vs a2 
3 to 4 vs 5 Ts ay a3 
1 to 2 ts s 1s ea 8 


TABLE 2.— Minimum THICKNESS OF VITRIFIED WHEELS 


Grain 
toand 12/14 and 16] 20and 24) 30 36 | 46 | sotorzo |rs50 and finer 
Dieser Minimum Thickness of Wheel in Inches 
32 to 36] 24 2} 2 2 2 2 2 s 
24 to 30} 2 2 1} resis I I Ns 
20 to 22| 1 14 a ee © I 3 3 ; 
16 to 18] 14 1h I I 2 2 $ Py 
14 to 15} 1} 1h 2 =, (hae eer 3 8 
to to 12| 1} 14 g ei eels $ rs 
7 tO Oi) Ox I : 3] 4! 4 z t 
sto6] 1 I rf i rete 4 ts 
3 t04 I i 2 | ws & i 
1 to 2 i a t b 
Smaller 
than x In. as ts 
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TABLE 3.— MINIMUM THICKNESS OF SILICATE WHEELS 


Grain 
150 
Sea 20 and 24 30 36 40 and 50 Fone and 
finer 
Wire Web 
=p] With=| 7-4) With-| 7-4) | With-|yy7 <4) | With-|y)7-,)|With-| 7: 
With Site With out | With! out | With) out | With ial ae ithout 
) eh Minimum Thickness of Wheel in Inches 
|-44 to 48 a 3 2 3 2 3 2 3 2 2 2 
38 to 42 24 23 2 23 2 2} 2 24 | 2 2 2 
32 to 36 2h 2} 2 23 1} 24 4 2} | 14 1} 14 
28 to 30 2 2 2 2 2 2 I 2 I I I 
| 24 to 26 2 1} 1} Zz I 2 I 2 I I I 
20 to 22 1} 1} 1} 1} I tt I mys a I I 
16 to 18 1} I I I a I 3 I 2 3 2 
14 to 15 1} I I r 2 I 3 I 3 < 3 
10 to 12 1} t : i 2 i a t 3 3 3 
7 too i i z 3 3 3 i 3 rl abe 
5 to 6 2 t t a lat 
3 to4 5] t i alae 
1 to 2 $ + te $ $ 


Grading of Wheels 


Or the many firms engaged in the manufacture of grinding wheels 
here are probably no two which have a similar method of grading 
ior designating the hardness of their wheeels. The Norton Company, 
evhich is probably the oldest in the field, uses the letter method, which 
pmay be said to be the simplest. That is, they take M for their me- 
| lium-hard wheel and the letters before M denote in regular alphabet- 
jcal progression the progressively softer wheels. Moreover they use 
't + mark for denoting wheels which vary in temper from the stand- 
suds. Thus a wheel may be harder than the standard K, and still 
foe not so hard as the standard L; in this case it is known as K +. 
The Carborundum Company adopts a somewhat similar method 

f grading, the difference being that although M denotes its medium- 
faard wheel the letters before M denote the progressively harder 
srades. Various other American companies use the letter method 
'f grading to some extent, but all have individual ideas as to what 
‘egree of hardness should constitute an M or medium-grade wheel. 
“hen there are firms both in America and on the continent of Europe 
~shich discard the letter method of grading or else use it in conjunc- 
ion with numbers or. fractions of numbers such as 2H, 13M and 
2 on. 
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The selection of suitable wheels for machine grinding may be said 
to be governed by the following points, namely, the texture of the 
material to be ground, the arc of wheel contact with work and the 
quality of finish required. The first and last of these points can for 
convenience’ sake be taken in conjunction. The quality of surface 
finish is dependent on the condition of the wheel face and depth of 
cut rather than on the fineness of the grit in the wheel. A wheel 
of so fine a grit as 100 will give an indifferent finish if it is not turned 
true and smooth. 

It may be assumed that for all general purposes the aim in view 
is to procure a wheel which will fulfil two conditions, that is, that it 
shall first remove stock rapidly and at the same time give a decent 
finish. Wheels made from a combination of grit of different sizes 
are the best for this purpose, as may be seen from the following 
explanation. Coarse wheels of an even number of grit will remove 
stock faster than will fine wheels of an even number, because their 
depth of cut or penetration is greater. They, however, fail in giving 
a high surface finish except in grinding very hard material, because 
they are not compact enough. 


The Combination Grit Wheel 


Wiru the combination wheel the conditions are different and it 
seems better at removing stock than does the coarse, even grit wheel, 
It may be safe to assume from this that something of a grindstone 
action takes place, that is, that the finer particles of grit become 
detached from the bond and both roll and cut in their imprisoned 
condition between the larger particles. For finishing purposes this 
wheel has all the compactness and smooth face of a wheel which 
was made solely from its finest number of grit; and for roughing, 
it enables a depth of cut to be got which is within the capacity of 
its largest kernels. 

With regard to the texture or hardness of material ground it may 
be taken as a general rule that the harder the material is, the softer 
the bond of wheel should be, and that cast iron and hardened steel 
bear some relation to each other as far as grinding wheels are con- 
cerned, for the same wheel is usually suitable for both materials. 

Too large an assortment of wheels is likely to lead to confusion 
and we may take the Norton plain cylindrical grinding machine as 
being a case in point of a limited assortment of wheels; at the same 
time it will be a starting point to illustrate choice of wheels under 
various grinding conditions. In this machine four different grade 
wheels, all of 24 combination grit, are found sufficient for all classes 
of material that it is ordinarily required to grind. These include 
high- and low-carbon steels, cast iron, chilled iron, and bronze or 
composition metals. These wheels are graded J, K, L, and M. 


Hard Wheels 
One of the greatest advantages accruing from grinding is that it 
ignores the non-homogeneity of material and that it machines work 
with the lightest known method of tool pressure, thus avoiding all 
deflections and distortions of material which are a natural result of | 
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the more severe machining processes. Yet these objects are too 
often defeated by the desire for hard and long-lived wheels. A wheel 
‘hat is too hard or whose bond will not crumble sufficiently under 
‘he pressure of cut will displace the work and give rise to many 
anforeseen troubles. It is also a prolific cause of vibration which 
's antagonistic to good and accurate work. The advantage claimed 
for it, that it gives a better surface finish, is a deceptive one, for it 
mostly obtains this finish at the expense of accuracy. Quality of 
inish, that is, accurate finish, is merely a question of arranging of 
work speed, condition of wheel face and depth of cut. In the ma- 
shine mentioned the suitability of wheels to materials and conditions 
‘s found to be as follows, the wheels being in each case of a combi- 
ration of alundum grit: 

for hard chilled iron and large diameters of cast iron and 


laay Genes Lah easongdawadenGu sens Ie eHoNdac. ooue acc 24 J 
‘For medium chilled iron and medium diameters of cast iron 

and hardenedisteel and bronzes eiac|ecrise sere clu se cteyeeieta 24 K 
'For all grades of steel which are not hardened and for bronze 24 L 
iFor very low carbon machine steels ........... a eosin ocererore ye 24 M 


The table given may, speaking generally, be what would be chosen 
in the way of wheels for the materials given, and in actual practice 
‘shey soon give evidence as to whether they are suitable. It may be 
gathered from the table that diameter of work is a factor in the choice 

of a wheel. This refers to area of wheel contact and is governed 

‘oy what is shown in the table when broad differences of diameter 
secur; for instance, it might be necessary to use the K wheel for a 
sarge diameter of high carbon steel if the L wheel was evidently too 
ard. 


Speed and Efficient Cutting 


The efficient cutting-of a wheel depends very much on the speed 
of the work, and an absence of knowledge in this respect may often 
‘ead to a suitable wheel’s rejection. Revolving the wheel at the 
speed recommended by the maker is the first necessity, and if it is 
“ound unsuitable after experimenting with various speeds it should 
‘oe changed for a softer or harder one as the conditions indicate. 
‘Starting from the point that a wheel is desired that shall remove 
che maximum amount of stock with the minimum amount of wear 
on the wheel, the indications and method of procedure may be as 
follows; only it must be understood that this refers to cases where 
jan ample supply of water is being delivered at the grinding point. 

If, after trying all reasonable work speeds, a'wheel should burn the 
hwork, or refuse to cut without excessive pressure, or persistently 
jglaze the surface of the work, it is too hard for that particular work 
pand material and may be safely rejected. If, after trying all reason- 
‘ably reduced work speeds, a wheel should lose its size quickly and 
‘how all signs of rapid wear, it is too soft for that particular work and 
material and may be rejected. These indications refer to all ordi- 
nary cases and it may be gathered that the most economical wheel 
»s that which acts in such a manner as to be a medium between the 
wo cases. There is still another point to bear in mind with regard 
0 the size of the grit in the wheel, but which refers more especially 
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to very hard materials such as chilled iron. Either a coarse or com- 
bination wheel may go on cutting efficiently in roughing cuts because 
pressure is exerted, but may begin to glaze when this pressure is 
much relieved as in finishing cuts. A careful microscopic scrutiny 
of a wheel that displays this tendency would seem to lead to the fol- 
lowing assumption: : ; 


When a Wheel is Sharp 


THE wheel face’ when newly trued. with the diamond tool, which 
is necessary to obtain an accurate finish, shows a promiscuous ar- 
rangement of particles, some of which present points and others 
present a broader face with a rough and granular surface. When ~ 
the wheel is presented to the hard surface of the work the high points 
of this granular face and the sharp contour of the kernels will go on 
cutting until they are dulled and worn down, after which their face 


Ss 


FIG, I*- FIG, 2 FIG. 3 PIG. 4 


Grinding Grinding Large Dia. Grinding Internal Grinding. 
Small Dia, Flat Surface, 


Contact of Wheel 


area is too great to enter the surface without undue pressure. When 
the wheel has reached this condition the microscope shows these 
broader-faced kernels polished to a metallic luster, which bears out 
the explanation tendered and also makes the remedy quite appar- 
ent. ‘This is to use a wheel of very fine grit for finishing purposes 
in these cases or else keep the coarser wheel in condition by repeated 
dressings with the diamond tool. 


Wheel Contact 


REFERENCE to Figs. 1 to 4 will show what actual practice requires 
in the choice of a wheel so far as the question of wheel contact is 
concerned. A wheel is shown in contact with four different vari- 
eties of work, all of which we will suppose to be of the same mate- 
rial, the depth of cut, much exaggerated, being the same in each case. 
In the first case it is a shaft of small diameter, and the wheel contact 
being the smallest the harder grade of wheel would be suitable, com- 
paratively speaking. Assuming that this wheel was found to be 
suitable it would probably require a softer wheel for the next case, 
which is a shaft of larger diameter, and the wheel contact propor- 
tionately greater. To continue the comparison still further, the third 
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case shows the wheel engaged in grinding a flat surface, and the 
fourth is a wheel grinding internally. In each case practice demands 
that the wheel shall be progressively softer in bond or grade and is 
some proof of a consistency in the action of grinding wheels. 


The Contact Area of a Wheel 


THE most probable explanation of this may be that as the contact 
area increases more work is required from each individual kernel of 
grit and it the sooner becomes dulled; this requires that the bond 
must be more friable both to allow it to escape easily and to minimize 
the pressure required to make the wheel cut as the cutting area 
becomes greater. Following on this reasoning we are able to choose 
a list of wheels which would be suitable for almost all purposes, and 
which would be as follows if of Norton grade: 


For plain cylindrical grinding 
JKLM 

For grinding plane surfaces 
B= Re 


For internal grinding 
ETD od, 


This collection of wheels would be suitable for almost any type 
of grinding machines, though when the wheels are exceptionally nar- 
row a grade or one-half grade higher might be possible; it would, 
of course, be a matter for a little trial and experiment. The wheels 
for external cylindrical work may preferably be combination wheels, 
but for plane surface and internal work they are better made of 
single grit, about 36 or 46. The great contact area of wheel in these 
two classes of work is liable to generate much heat so that an open 
and porous wheel is preferable. 


‘Wheel Pressure and Wear 


As the wheel is a disk built up from a numerous assortment of 
minute cutting tools which are held in position by a more or less 
friable bond, in using it we must bring it to bear on the work with 
a pressure that shall not be so great as to tear these minute -tools 
from their setting until their cutting efficiency is exhausted, for if we 
do so we are wasting the wheel. To gage the exact amount of the 
pressure required is a matter of judgment and experience, though 
where automatic feeds are provided on a machine the right amount 
of pressure or feed is soon determined. It will also be readily under- 
stood that a regular automatic feed is more reliable for the purpose 
than a possibly erratic hand one. The automatic feed may be set 
to give a certain depth of cut at eaeh pass of the wheel, and its amount 
of wear noted; if this wear be found excessive the depth of cut may 
be reduced. It must not be here forgotten that work speed also 
enters into this consideration and that a high work speed will tend 
to wear the wheel excessively; inversely a reduced work speed will 
reduce the amount of wear. Having these points in mind the right 
combination of depth of cut and work speed is soon arrived at, and 
an approximate judgment attained for the future. 
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Grinding Allowances 


THE amount of stock left for removal by the grinding wheel and 
the method of preparing the work have both much bearing on the 
economic use of grinding wheels, and heavy and unnoticed losses 
often occur through want of a few precautionary measures. The 
necessary amount of stock to leave on a piece of work as a grinding 
allowance depends firstly on the type of machine employed, the class 
of labor engaged in preparing it, and whether it has to be hardened 
or otherwise. 

In powerful machines, which will remove stock rapidly, the grind- 
ing allowance may be anything up to z); inch. There are many 
cases of an especial character when the grinding allowance stated 
may be exceeded to advantage so long as discretion is used. Straight 
shafts may often be ground direct from the black bar of raw material 
zis inch above finished size, or when shafts of this character must 
have large reduction on the ends they can be roughly reduced in the 
turret lathe while in their black state and finished outright more 
economically in the grinding machine. Very hard qualities of steels 
or chilled rolls are other cases where it is often more economical to 
use the grinding machine without any previous machining process, 
and though there may be sometimes an alarming waste of abrasive 
material its cost is as nothing compared with other savings that are 
made. 

Grinding allowances for hardened work are usually larger than 
for soft work, to allow for possible distortion; so that individual 
experience alone can determine the amount to be left. It is suffi- 
cient to say that the allowances on case-hardened or carbonized work 
should not be excessive; otherwise the hardened surface may be 
ground away. 


Grinding Hardened Work 


As far as the actual grinding of hardened work goes, it is indis- 
pensable that the whole portion of a piece that is to be ground should 
be roughed over previous to the final finishing; if it is at all possible 
to allow some little time to elapse between the two operations so 
much the better, more especially if it has bent in hardening and been 
afterward straightened; this will allow of the development of any 
strain that may be present. Both for special and standard work in 
a factory a table of grinding allowances can be compiled as a result 
of experience and posted in a conspicuous position. If this be done 
and trouble taken to see that it is adhered to, it will save much trouble 
and be a means of avoiding much unnecessary expense. 

It is necessary to slightly undercut the corners of shoulders so 
as to preserve the corner of the grinder’s wheel intact. A piece of 
work should never be prepared in such a manner as to form a radius 
on the corner of the wheel, for to get the wheel face flat again means 
much waste of wheel and wear of diamond. Where fillets or radii 
are necessary they are better got out with a tool, for even if they 
are to be ground they must be turned good to allow the wheel to 
conform to their shape. The only excusable reason for grinding a 
round corner is when the work is hardened or in some special case 
where the expense incurred is warranted. 
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GRINDING ALLOWANCES FOR VARIOUS LENGTHS 
AND DIAMETERS 


Table 4 shows the practice of the Landis Tool Company, in refer- 
ence to grinding allowances. This table covers work up to 12 inches 
diameter, and lengths to 48 inches. 


TABLE 4.— ALLOWANCES FOR GRINDING 
(Lanpis Toot Co.) 


.630 | .030 | .030 | .030 | .030 | .030 | .030 | .030 | .030 |} .030 | .030 
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OTHER GRINDING ALLOWANCES 


TABLE 5 gives the allowances of the Brown & Sharpe Mfg. Co. in 
rough turning work for the grinding department. Limit gages of the 
form shown are used, the dimensions i in the table covering work up 
to 2 inches diameter. 


TABLE 5.— Limit GAGE Sizes For LATHE 
WorK WHICH IS TO BE I'INISHED 
BY GRINDING 


(Brown & SHARPE Mec. Co.) 


Size |Not go on) Go on Size |Not go on| Goon | Size |Not go on} Goon 
Inches Inches Inches 
3 0.383 0.387 $8 | 0.0455 | 0.0405 | 14 1.508 | 1.512 
Ya 0.4455 | 0.4495 | I 0.008 1.012 Ire 1.5705 | 1.5745 
ry 0.508 0.512 Ire 1.0705 1.0745 rf 1.633 1.637 
1's 0.5705 | 0.5745 | rt 1.133 1.137 iit 1.6955 | 1.6995 
§ 0.633 0.637 Ire T.1955 1.1995 14 1.758 1.762 
th 0.6955 0.6995 14 1.258 1.262 18 1.8205 1.8245 
3 0.758 0.762 try 1.3205 1.3245 1% 1.883 | 1.8875 
3 0.8205 | 0.8245 | 13 1.383 1.387 148 | 1.9455 | 1-949 
i 0.883 0.887 Ine 1.4455 1.4495 2 2.008 | 2.012 


Use of Water 


Water should be applied at the right spot. This spot must be 
right at the grinding point, whether it be internal, external, or plane- 
surface work, and must be delivered with sufficient force to keep 
the wheel face clean. If this is not done there is a kind of mud 
accumulated at the grinding point, which causes glazing. Water is, 
or should be, used in grinding process not as a means of quenching 
heat but rather to prevent its creation and radiation, and so the 
actual grinding point is the best place to apply it. 

It is a necessary means of keeping the work at an equable tem- 
perature so as to obviate distortion and to make the matter of tak- 
ing dimensions an actuality rather than a guessing matter. This 
applies equally to all kinds of grinding. 


The Use of Diamonds 


Herz it is perhaps well to give the question of diamonds some little 
consideration as they are sometimes a very expensive item. A dia- 
mond is a very essential part of a grinding machine’s equipment, for 
in its absence a good and highly finished grade of work is an impos- 
sibility. It is perhaps unnecessary to state that they should be the 
hardest rough stones procurable, and that the larger they are the 
cheaper they are in the end. With regard to their size: This is a 
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known proportionate element in their price per carat, but a large 
stone allows of a more secure hold in its setting and so the danger 
of losing it is reduced. As a further precaution against this danger 
the diamond tool should always be held by mechanical means when 
using it except in cases which are unavoidable; this may be in cases 
where profile shapes have to be turned on the wheel face. An 
attempt to turn by hand a perfectly flat face on a wheel, which is 
necessary for finishing, must of a necessity end in failure. 

As a means of preservation of the diamond a full stream of water 
should be run on it when in use and many light chips are preferable 
to a few heavy ones. The main thing is to watch that it does not 
get unduly heated, for this is disastrous to it. Where large quanti- 
ties of material have to be removed from a wheel the ordinary wheel 
dresser may be employed to reduce the bulk of the stock, and the 
diamond only used for finishing to shape. 


Setting the Diamonds 


Dr1amonps may be obtained ready fixed in suitable holders or the 
rough stones may be bought and set by any competent toolmaker. 
The illustrations show various methods by which they may be held 
securely and require but little explanation. First, Fig. 5 is the 
method most commonly used, the diamond being either peened or 
brazed in position. One disadvantage of this method is that the 
diamond is apt to break with a chance blow of the peening chisel, 
or the heat from brazing will sometimes cause fractures; neither is 
it so easily reset when its point becomes dulled as are the other 
methods shown. Fig. 6 requires no explanation except that it is 
advisable to pack the diamond with shredded asbestos fiber to act 
as a cushion; this method allows of quick resetting. Fig. 7 consists 


FIG. 6 FIG. 7 
Methods of Setting Diamonds 


of a small steel cap tapped out to fit the stock as shown. Enough 
shredded asbestos fiber is inserted between the diamond and stock 
to hold it firmly in position. This method also allows of quick and 
safe resetting. The fourth method, Fig. 8, is covered by patent 
tights and its advantage can be seen at a glance; as the diamond 
wears, the small peg containing it can be revolved in the stock to 
present a new cutting edge and be so clamped in position. 


\ 
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Speed Tables, Rules for Surface Speeds, etc. 


Tue table below gives the number of revolutions per minute at 
which grinding wheels of diameters ranging from 1 to 60 inches must 
be operated to secure peripheral velocities of 4000, 5000, 5500 and 
6000 feet per minute. Ordinarily a speed of 5000 feet per minute 
is employed, though sometimes the speed is somewhat lower or 
higher for certain cases. 


GRINDING WHEEL SPEEDS 


Rev. per Minutel Rev. per Minute | Rev. per Minute | Rev. per Minute 


Kee for Surface Speed for Surface Speed/for Surface Speed|for Surface Speed 
of 4000 ft. | of 5000 ft. of 5500 ft. of 6000 ft. 
1 Inch 15,279 19,099 21,000 22,918 
2 Inches 7,039 95549 10,500 11,459 
3 Inches $,093 6,306 735° 7,639 
4 Inches 3,820 4,775 5,250 5,739 
5 Inches 3,056 3,820 4,200 4,584 
6 Inches 2,546 3,183 3,500 3,820 
7 Inches 2,183 2,728 3,000 35274 
8 Inches 1,910 2,387 2,600 2,865 
10 Inches 1,528 I,910 2,100 2,292 
12 Inches 1,273 1,592 1,750 1,910 
14 Inches 1,091 1,364 1,500 1,637 
16 Inches 955 1,104 1,300 1,432 
18 Inches 849 1,061 1,150 1,273 
20 Inches 764 955 1,050 1,146 
22 Inches 604 868 950 1,042 
24 Inches 637 976 875 O55 
26 Inches 586 733 800 870 
28 Inches 546 683 750 819 
30 Inches 509 637 700 764 
32 Inches 477 506 650 716 
34 Inches 449 561 620 674 
30 Inches 424 531 580 637 
38 Inches 4o2 503 550 603 
40 Inches 382 478 525 573 
42 Inches 364 455 500 546 
44 Inches 347 434 475 521 
46 Inches 332 415 455 408 
48 Inches 318 397 440 477 
50 Inches 306 383 420 459 
52 Inches 294 369 405 441 
54 Inches 283 354 390 425 
56 Inches 273 341 375 410 
58 Inches 264 330 360 396 
60 Inches 255 319 350 383 


The exact speed at which any specified wheel should be run depends 
upon several conditions, such as the type of machine, character of 
work and wheel, quality of finish desired and various other factors 
referred to at other places in this book. Wheels are ordinarily run in 
practice from about 4000 to 6000 feet per minute, though in some 
cases a speed as high as 7500 feet has been employed. An average 
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speed recommended by most wheel makers is 5000 feet. To allow 
an ample margin of safety it is recommended that wheel speeds 
should not exceed 6000 feet per minute. 

The table of circumferences below will be of service in connection 
with the finding of surface speeds and spindle revolutions per minute. 


CIRCUMFERENCES OF GRINDING WHEELS 


Diameter| Circumference | Diameter | Circumference | Diameter | Circumference 
of Wheel | of Wheelin | of Wheel | of Wheelin | of Wheel | of Wheel in 
in Inches Feet in Inches Feet in Inches Feet 
I 262 25 6.546 49 12.838 
2 -524 26 6.807 50 13.090 
3 +785 27 7.069 St 13.352 
A 1.047 28 7.330 52 13.613 
5 1.309 29 7-592 53 13.875 
6 1.572 30 7-854 54 14.137 
7 1.833 31 8.116 55 14.409 
8 2.004 32 8.377 56 14.661 
9 2.350 33 8.639 57 14.023 
Io 2.618 34 8.901 58 15.184 
II 2.880 35 9.163 590 15.446 
I2 3-142 36 9.425 60 15.708 
13 3-403 37 9-687 61 15.970 
14 3.665 38 9.948 62 16.232 
15 3-927 39 10.210 63 16.403 
16 4.189 40 10.472 64 16.755 
17 4.451 42 10.734 65 17-017 
18 4.712 42 10.996 66 17.279 
19 4-974 43 11.257 67 17-541 
20 5.236 44 II.519 68 17.802 
ar 5.408 45 11.781 69 18.064 
22 5760 oo- 46 12.043 7O 18.326 
23 6.021 47 12.305 71 18.588 
24 6.283 48 12.566 72 18.850 


Thus, to find the surface speed of a wheel in feet per minute: 

Rule. — Multiply the circumference as obtained from the table, 
by the number of revolutions per minute. 

Example. — A wheel 18 inches diameter makes 1060 revolutions 
per minute. What is the surface speed, in feet, per minute? 


4.712 X 1060 = sooo feet surface speed. 


When the surface speed and wheel diameter are given, to find the 
number of revolutions of the wheel spindle: 

Rule. — Divide the surface speed in feet per minute by the cir- 
cumference. 

Example. — A wheel 24 inches diameter is to be run at 6000 feet 
surface speed per minute. How many revolutions should the wheel 
make? 

6000 + 6.283 = 962, number of revolutions per minute the wheel 
should make. 
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GRADING ABRASIVE WHEELS 


Tue Norton Company uses 26 grade marks, the Carborundum 
Company 19, while the Safety Emery Wheel Company uses 40, The 
following table is a comparison between the grade designations of the 
Norton Company and the Carborundum Company. Intermediate 
letters between the grade designations indicate relative degrees of 
hardness between them; the Norton Company manufacturing four 
degrees of each designation, while the Carborundum Company man- 
ufactures three. 


Norton Co. Grade Designation Carborundum Co. 
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The Safety Emery Wheel Company’s grade list is an arbitrary one 
with the following designations: 


C. Extra Soft H. Very Soft 
A. Soft M. Medium Soft 
P. Medium I. Medium Hard 
O. Hard N. Very Hard 


E. Extra Hard D. Special Extra Hard 
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Intermediate figures between those designated as soft, medium 
soft, etc., indicate so many degrees harder or softer, e.g., A} is one 
degree harder than soft. A} is three degrees harder than soft or 
one degree softer than medium soft. 


NUMBERS AND GRADES OF ABRASIVE WHEELS 


In the following table for the selection of grades will be found a 
comparison of the grading used by the Norton Company, and that 


of the Carborundum Company: 


Carborundum Co. 


Norton Co. 
Cast of Wark Number | Grade | Number 
Usually | Usually | Usually 
Furnished |Furnished| Furnished 
Large Cast Iron and Steel Castings|16 to 20/QtoR| 16 to 24 
Small Cast Iron and Steel Castings|}20to 30] P toQ]} 20to30 
Large Malleable Iron Castings ..|16to 20,QtoR | 16to24 
Small Malleable Iron Castings ..|20to 30] P toQ]} 20to30 
Chitled Iron Castings .......... 16to 20) QtoR| 16to24 
Wicouupsh taliromhwererencnaisiorejoruenstare aie r6to 30] PtoQ} 16to24 
(Bitassr Castings i mte scm recccieirets 16to 30} Oto P| 20to036 
Bronze. Castinesen sctciuise vis aie 16to 30] P to Q]} 20to30 
Rough Work in General........ 16to 30] PtoQ| 2oto30 
General Machine Shop Use..... 30to 46] Oto P| 24 to 36 
Lathe and Planer Tools ........ 30to 46) N toO} 30to 36 
Sma lPoels! scoch sere & clever «sha 36 to 100] N to P | soto8o0 
Wood-working Tools .......... 36to 60/M to N} 4goto6o 
Twist Drills (Hand Grinding)...|36to 60/M to N 60 
Twist Drills (Special Machines) .|46 to 60) K toM 5° 
Reamers, Taps, Milling Cutters, 
étci (Hand Grind). .2:. .0ses.5+ 46 to 100} N to P | 50to8o0 
Reamers, Taps, Milling Cutters, 
etc. (Spec. Mach,) ssiiicnie es 46to 60}HtoK | 50to 60 
Edging and Jointing Agricultural 
mays lemlents pare tettts cei eheveraun es 16to 30] QtoR |r141 to 24 
Grinding Plow Points.......... 16to 30] PtoQ| 20to 24 
Surfacing Plow Bodies ........ 2zoto 30|N to O} 16 to20 
Stove Mounting ai Qecaonan. oes 20to 36] PtoQ| 24to30 
Finishing Edges of Stoves ...... goto 46] O to P|}, 24to30) 
Drop Forgings exes atiaies 2oto 30] PtoQ} 24to36 
Gumming and Sharpening Saws./36to 60/M to N |403—603 
Planing Mill and Paper Cutting 202-—60 
Kena Ve sews, sass cee Guvtacateretelotaieras ies 30to 46] JtoK | to 80 
Car Wheel Grinding........... 20to 30/ Oto P| 16to 24 
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THE SHAPES OF WHEELS 


ALTHOUGH grinding wheels are manufactured in a great variety of 
shapes and sizes, there are a few general forms into which they may 
be grouped. Practically all of the hundreds of commonly used shapes 
made for the various types of grinding machines and for the different 
kinds of work come under some one of these classifications, the 
most common of which may be designated as “disk,” “cup,” “cylin- 


be By 
Cylinder ; 


Fic. 9.— Shapes of Wheels 
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der” and ‘“‘saucer”’ wheels. These shapes and some of their modifica- 
tions are included in the groups of wheels illustrated in Figs. 9-10. 
These wheels are in most cases made in numerous widths and 
diameters, and the dimensions given in any such instances merely 


Ysa aya le-8fq>| le ? u eS eke 
jet ' ae pein 
@: Gt ie 
=D Sliema! aie att 


Bevel Cup us 


ees 


ES | SSS => y ty 
tt 344 
t 1 }< 5% ae a [ee BH x 
! Pot Balls 


Frc. to —Shapes of Wheels 


show the proportions of one size of wheel selected as typical from 
the comprehensive lists of wheel manufacturers’ products. 

Of the wheels shown, A and B are plain disks; C is an offset disk 
used on cylindrical grinders for grinding close up to a gear, collar, or 
piston head of large radius; D is a disk wheel for different makes of 
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tool and roll grinders, E, EE, F, Gand H are “ring” wheels which are 
modifications of the disk type. The two wheels £ and HE are made 
on large iron centers and are for use on the Sellers tool grinders. The 
other ring wheels referred to are adapted for mounting on large iron 
centers, and all such wheels are for service on machines where only 
a limited reduction of wheel diameter is permissible. 

The shallow cup wheel J is for drill grinders and the larger, deeper 
cup wheel J is of a type used extensively on knife-grinding machinery. 
Wheels of this shape and of suitable dimensions, are also used on roll 
and cylindrical grinders, and in the smaller sizes on cutters and 
reamer grinders. 

The wheel K is a plain cylinder for grinding on the end the same 
as the cup wheels. Such cylinders are used in various proportions on 
vertical surface grinders, edge grinders, etc. They are held in ring 
chucks. 

Cup and cylinder wheels are coming more and more into use and 
are already made in a great variety of diameters and widths. On 
certain classes of grinding operations they have marked advantages 
over the regular form of wheel as the same diameter is always main- 
tained, thus avoiding the necessity of a change in speed, and the 
grinding is accomplished on a flat surface instead of one that is 
curved. 

The cup wheel Z is for the Pratt & Whitney vertical surface grinder. 

The small wheels in group M are for internal grinding operations 
in holes of limited diameter. The larger internal wheel FX is for the 
Heald cylinder grinder. Three forms of the “saucer” wheel for cutter 
grinders are illustrated at V, O and P, and two bevel-edge cup wheels 
are shown at S,and 7, both being made for cutter grinder use. The 
double-edge cup wheel can be used for sharpening both sides of a 
straddle mill without reversing the latter on its arbor; it is also useful 
in such operations as grinding out parallel surfaces, say the jaws of a 
snap gage. . 

The conical wheel at Q is for a tool grinder and is used principally 
for sharpening pattern makers’ gouges which are beveled on the inside 
of the curve. 

Two saw gummers, representative of a number of shapes regularly 
made, are shown at U. These are adapted for sharpening saw teeth 
and grinding down in the “gullet” or concave space between the 
bottoms of the teeth. 

The “pot balls” at NV and W are used in grinding out hollow ware 
such as pots and kettles. These are made in great variety to suit 
spherical receptacles, skillets, flat bottom pots, etc. 


MOUNTING GRINDING WHEELS 


One of the most important considerations in connection with the 
use of grinding wheels is that they shall be properly mounted, upon 
suitably proportioned spindles and between properly designed flanges. 
A wheel which is crowded upon a spindle of weak design, or which is 
cramped between two imperfect flanges that are’ either too small or 
take a bearing upon the wheel at the wrong point, is subjected to condi- 
tions as likely to cause an accident as is an excessive rate of speed. 
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The vast number of abrasive wheels in use upon the class of ma- 
chines commonly known as bench and floor grinders, grinding wheel 
stands, emery grinders, etc., and which are so generally in service at 
various points about the machine shop, blacksmith shop and foundry, 
makes it desirable that something should be said here in reference to 
the best methods of mounting wheels on such apparatus. 

In the first place, the machine itself should be of rigid construc-. 
tion, with spindle of ample proportions; the bearings should be well 
fitted; and kept well oiled so that the arbor will not become over- 
heated and by expanding, break the wheel; and the machine should 
be securely fastened on substantial foundations not only to insure 
safety but in order to secure better results with the wheel. 

The following sizes of spindles are recommended by the Norton 
Company and by some other wheelmakers, except where the grinding 
wheels are extra thick: 


Wheel Spindle 
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B 
Fic. 11 — Right and wrong way to mount wheels 


The flanges should be relieved as at A in Fig. 11, and they should 
be at least one-half the diameter of the wheel and have a true bear- 
ing at the outer edge. The inner flange should never be loose but in 
all cases should be fixed on the spindle. Under no circumstances 
should the flanges be allowed to be less than one-third the diameter 
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of the wheel. Wheels must not be allowed to run when held only 
by a nut in place of a flange, as the nut is liable to crawl and cause 
accident. 

Compressible washers of pulp or rubber, slightly larger than the 
flanges, should be used between the flanges and the wheel as shown 
at A, Fig. 11. These distribute the pressure evenly when the flanges 
are tightened, by taking up any imperfections in the wheel or flanges. 

The hole in the wheel bushing should be 0.005 inch larger than 
standard size spindles. This permits the wheel to slide on the spindle 
without cramping and insures a good fit not only on the spindle 
but against the inside flange, which is essential. 

The flanges should be tightened only enough to hold the wheel 
firmly, thus avoiding unnecessary strain. 


General Suggestions 


HANDLE all wheels with the greatest care in unpacking, storing, 
delivering, etc. Wheels are frequently cracked by rough usage before 
they are ever placed on the grinding machine. The man in charge 
of the storeroom should inspect each wheel before giving it out to the 
workman. 

Wheels should be stored in a dry place. 

A wheel used in wet grinding should not be left overnight partly 
immersed in water. 

When mounting wheels do not screw up the nut too tight; it 
should be set up only enough so that the flanges hold the wheel 
firmly. 

Keep all rests adjusted close to the wheel so that work cannot be 
caught. 

Avoid heavy pressure of the work on the wheel when grinding. 

Keep the wheel true by dressing frequently. 

If a wheel vibrates, there is something wrong. It should be trued 
up and the boxes should be rebabbitted after the journals are 
trued up. 

Never hack a wheel; it is unnecessary and dangerous. 

Use wheel guards wherever possible. 


MAGNETIC CHUCKS 


Macnetic chucks have come to be a very necessary part of the 
equipment of any surface grinding machine, whether plain or rotary. 
Before their coming it was customary to bed thin work in wax on the 
platen of a grinder in order to finish the flat sides. Other flat work 
had to be held in “‘fingers’”’ on special fixtures, and on account of 
their being very thin and easily sprung, it was difficult to secure 
really accurate work. 

The magnetic chuck holds the thinnest pieces of iron or steel firmly, 
draws down any slight spring.in the work and prevents springing when 
strains are released during the grinding operations. 

The chuck face is divided into magnet poles, separated by babbit 
or other non-magnetic metals, and coils of insulated wire from these 
into electromagnets when current is applied. For rotary work, the 
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electric current is supplied by brushes running against insulated con- 
tract rings on the outside. Current can be supplied from any incan- 
descent lamp socket on a direct current circuit. 

Alternating current cannot be used. 

A No. o chuck having a face to X 14 inches uses about one-half 
as much power as a 16 candle-power lamp. 


Hints for Using Magnetic Chucks 


The chucks should not be taken apart. 

Nothing but iron or steel can be held on the chucks. 

The holding power depends on the amount of work surface in con- 
tact with the chuck. 

Work can be held on edge by using adjustable back rest. 

Very thin work can be held for grinding on the edges by laying it 
against the back rest and backing it up with a parallel strip. 

Thin work will not hold as well as thick work. 

In packing a number of small pieces on a chuck at one setting, it 
is better to separate them a little with strips of non-magnetic material. 

Do not plug up the vent holes in the chuck. 

Keep water away from the switch, the brushes and the interior of 
the chuck. 

Magnetic chucks do not take the place of all other chucks. 

Do not use water on chucks except where they are made for it. 

Chucks are usually wound for 110 or 220 volts for direct current 
only. 


POLISHING WHEELS 


THERE are many varieties of polishing wheels in use, the principal 
kinds being known as wooden wheels, compressed wheels, canvas and 
muslin, seahorse and felt wheels. For good work, and economy in 
abrasive, glue and labor cost, wheels and methods must be selected 
to suit the work. 

A few years ago, the wooden wheel covered with leather and turned 
to fit the piece to be polished, was universally used. At the present 
time, the wooden, leather-covered wheel is used largely on flat sur- 
faces and on work where it is necessary to maintain good edges. 
When this kind of a wheel is made with a double coating of leather, 
it makes a first-class finishing wheel. 

Compressed wheels, or wheels having a steel center are made with 
surfaces of leather, canvas or linen. Many tool shops are equipped 
with these wheels exclusively. They answer all purposes and are 
safer and more eccnomical than wooden wheels. 

They are also used largely on cutlery and for polishing chilled plows. 
The compressed wheel is of strong construction, is very durable and 
easily kept in balance. 

Canvas and muslin wheels are used extensively for polishing stoves, 
shovels, plows, brass, cast iron and steel. For roughing out and dry 
fining on irregular pieces, they have proved very satisfactory. They 
hold the abrasive well and require no washing off as they can be 
cleaned with a buff stick or an abrasive brick. 
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Many concerns, such as plow-, shovel- and hoemakers, buy the 
canvas and muslin and make their own wheels. . 

Sea-horse wheels are very expensive, most concerns buying the 
hides and making their own wheels. 

Where a high-grade polish is required, there is probably no wheel 
which can compare with the wheel made of sea horse. They are 
largely used on guns, pistols and cutlery. 

Felt wheels are largely used by stovemakers for finishing surfaces. 
Bull neck wheels are also used for this purpose. 

The felt wheels are made from white Spanish and Mexican felt 
and are extensively used for finishing on certain classes of work. 


Care of Polishing Wheels 


PortsHtnc wheels should be kept in perfect balance and running 
true at all times. A wheel out of balance wastes time, glue and 
abrasive, and will not do as good work. 

The most efficient glue and the best abrasive are the cheapest in 
the long run. 

The glue pots should be kept clean and the glue properly 
cooked before using. 

It is also important to heat the abrasive before applying. 

The wheels should be kept properly cleaned and thoroughly 
covered with the abrasive. 

The wheels should be selected for the particular work the same 
as in grinding and only the wheel best adapted should be used at all 
times. 

Polishing operations are usually divided into three classes: rough- 
ing, dry fining, and finishing or oiling. 

The abrasives used for roughing usually run from numbers 20 to 
80. For dry fining, from numbers 90 to 120. The numbers used 
for finishing run from 150 to XF. 

For both roughing out and dry fining, the polishing wheels should 
be used dry. For finishing, the wheels are first worn down a little 
and then oil, beeswax, tallow and similar substances are used on the 
wheel. This, together with the abrasive, brings up a fine finish, 


Speed of Buffing Wheels 
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LAPPING 


LappInc may be defined as the process of finishing the surface of 
a piece of work by means of another piece of material, called a lap, 
the surface of which is chargéd with an abrasive. 

Laps are roughly divided into three general classes. First, those 
where the form of the lap makes a line contact with the work, and 
the work is, if cylindrical, revolved to develop the cylindrical form, 
or, if straight, in one direction, is moved back and forth under the 
lap. Second, those which are used for straight surfaces with a full 
contact on the lap, and third, those which are used for male and 
female cylindrical surfaces with a full contact on the lap. In all 
cases the material from which the lap is made must be softer than 
the work. If this is not so, the abrasive will charge the work and 
cut the lap, instead of the lap cutting the work. 

The first class is used in the place of emery wheels, either where 
the work is too small to use an ordinary wheel or where a form is 
to be ground on the work and an emery wheel will not keep its shape. 
They are usually made of machinery steel and the abrasive used is 
crushed diamond rolled into the surface. In rolling in the diamond 


Fic. t.—A Lapping Plate for Flat Work 


dust the sharp corners of the particles cause them to bed securely 
into the surface of the lap, and if a good quality of diamond is used, 
a lap will grind all day without recharging. Oil is used to lubricate 
the work and carry away the dust from the grinding. If a diamond 
lap is run dry the particles of diamond tear and raise “burs” in the 
work, which strip the lap very quickly. The speed should be about 
two-thirds that for an emery wheel of the same size; for if it is ex- 
cessive, the lap will wear smooth and glaze instead of cutting. This 
kind of lap is used mainly in watch and clock shops, and shops mak- 
ing watch tools, sub-press dies, and similar work. 


Lapping Flat Surfaces 


In lapping flat surfaces, which are usually on hardened steel, a 
cast-iron plate is used as a lap and emery as an abrasive. In order 
that the plate may stay reasonably straight, it should either be quite 
thick, or else ribbed sufficiently to make it rigid, and in any case it 
should be supported on three feet, the same as a surface place. For 


232 GRINDING AND LAPPING 


rough work or “blocking down,” as it is called, the lap works better 
if scored with narrow grooves, about 4 inch apart, both lengthways 
and crossways, thus dividing the plate into small squares, as in Fig. 1. 
The emery is sprinkled loosely on the block, wet with lard oil 
and the work rubbed on it; care is taken to press hardest on the high- 
est spots. The emery and oil get in the grooves, and are continually 
rolling in and out, getting between the plate and the work and are 
crushed into the cast iron, thus charging it thoroughly in a short 
time. About No. 100 or No. 120 emery is best for this purpose. 

After blocking down, or if the work has first been ground on a 
surface grinder, the process is different. A plain plate is used 
with the best quality of flour of emery as an abrasive, as the least 
lump or coarseness will scratch the work so that it will be very hard 
to get the scratches out. Instead of oil benzine is used as a lubri- 
cant and the lap should be cleaned off and fresh benzine and emery 
applied as often as it becomes sticky. The work should be tried 
from time to time with a straight-edge and care taken not to let the 
emery run in and out from under the work, as this will cause the edges 
to abrade more than the center, and will especially mar the corners. 
After getting a good surface, the plate and work should be cleaned 
perfectly dry, and then rubbed. The charging in the plate will 
cut just enough to remove whatever emery may have become charged 
in the work, will take away the dull surface and leave it as smooth as 
glass and as accurate as it is possible to produce. 


Laps for Holes 


In lapping holes various kinds of laps are used, according to the 
accuracy required, and the conditions under which the work is done. 
The simplest is a piece of wood turned cylindrical with a longitu- 


Fic. 2. — Laps for Holes 


dinal groove or split in which the edge of a piece of emery cloth is 
inserted. This cloth is wound around the wood until it fills the hole 
in the work. This is only fit for smoothing or enlarging rough holes 
and usually leaves them more out of round and bell-mouthed than 
they were at first. Another lap used for the same purpose — and 
which produces better results — is made by turning a piece of co’ 

per, brass, or cast iron to fit the hole and splitting it longitudinally 
for some distance from the end. Loose emery is sprinkled over it, 
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with lard oil for a lubricant, and a taper wedge is driven into the 
end for adjustment as the lap wears. 

For lapping common drill bushings, cam rolls, etc., in large quan- 
tities, where a little bell-mouthing can be allowed, and yet a reason- 
ably good hole is required, a great many shops use adjustable copper 
laps made with more care than the above. One way of making 
them is to split the lap nearly the whole length, but leaving both 
ends solid. One side is drilled and tapped for spreading screws 
for adjustment. Either one screw half-way down the split may be 
used or two screws dividing the split into thirds. Another and 
better means of adjustment is to drill a small longitudinal hole a 
little over half the length of the lap, enlarge it for half its length, 
and tap the large end for some distance. This is done before split- 
ting. Into this hole a long screw with a taper point is fitted so that 
when tightened it tries to force itself into a small hole, thus spread- 
ing the lap. 

For nice work there is nothing better thana lead lap. Lead charges 
easily, holds the emery firmly and does not scratch or score the work. 
It is easy to fit to the work and holds its shape well for light cuts. 
Under hard usage, however, it wears easily. For this reason, while 
laps for a single hole or a special job are sometimes cast on straight 
arbors, where much lapping is done it is customary to mold the laps 
to taper arbors with means for a slight adjustment. After any exten- 
sive adjustment the lap will be out of true and must be turned off. 
All of these laps, as shown in Fig. 2, are to be held by one end in 

.a lathe chuck, and the work run back and forth on them by hand, 
or by means of a clamp held in the hand. If a clamp is used care 
should be taken not to spring the work. 


How to Do Good Lapping 


THERE are several points which must be taken into consideration 
in order to get good results in lapping holes. The most important 
is that the lap shall always fill the hole. If this condition is not com- 
plied with the weight of the work and the impossibility of holding 
it exactly right will cause it to lap out of round, or if it is out of round 
at the start the lap will be free to follow the original surface. If the 
lap fits, it will bear hardest on the high spots and lap them off. Next 
in importance to getting a round hole is to have it straight. To 
attain this end the lap should be a little longer than the work, so 
that it will lap the whole length of the hole at once, and not have a 
tendency to follow any curvature there may be init. What is known 
as bell-mouthing, or lapping large on the ends, is hard to prevent, 
especially if the emery is sprinkled on the lap and the work shoved 
on it while it is running. The best way to avoid this condition when 
using cast-iron or copper laps, which do not charge easily, is to put 
the emery in the slot, near the center of the lap, and after the work 
is shoved on squirt oil in the slot to float the emery. Then, when 
the lathe is started the emery will carry around and gradually work 
out to the ends, lapping as it goes. Where lead is used the emery 
can be put on where it is desired to have the lap cut and rolled in 
with a flat strip ofiron. It will not come out easily, so will not spread 
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to any extent, and it is possible with a lap charged in this manner 
to avoid cutting the ends of the hole at all. The work should always 
be kept in motion back and forth to avoid lumping of the emery 
and cuttings which will score grooves in the work, 


Ring Gage and Other Work 


RinG gages are lapped with a lead lap. They are first ground 
straight and smooth to within .ooo5 inch of size, and then, when 
lapped, are cooled as well as cleaned, before trying the plug, by 


Fic. 3.— A Lap for Plugs 


placing them in a pail of benzine for a long enough time to bring 
them down to the temperature of the room. Some shops leave a 
thin collar projection from each side around the hole, so that, if there 
is any bell-mouthing, it will be in these collars, which are ground 
off after the lapping is done. 

Other metals are lapped in this same manner, except that the 
abrasive is different. Cast iron is lapped with emery, but charges 
to some extent. This charging can be taken out without changing: 
the work materially by rubbing it by hand with flour of emery cloth. 
In lapping bronze or brass, crocus and Vienna lime are used. Crocus 
is used with a cast-iron or lead lap, and the charging is removed by 
running the work for a few seconds on a hardwood stick which fits 
the hole. Unslaked Vienna lime, freshly crushed, is used with a 
lead or hardwood lap, and does not charge. It does a nice job, but 
is very slow, and is only used in watch factories, 

For lapping plug gages, pistons, and other cylindrical articles, a 
cast-iron Jap is usually used, split and fitted with a closing and a 
spreading screw, as shown in Fig, 3. Sometimes, where a yery fine 
finish is required, or where the work is not hardened, the hole is 
made larger than the work, and a lead ring cast into it. 


DIAMOND POWDER IN THE MACHINE SHOP 


Tue diamond used for this purpose, costing 85 cents per carat, is 
an inferior grade of diamond, not so hard as the black diamond used 
for drills and truing emery wheels, and not of a clear and perfect 
structure to permit it to enter the gem class. Many are a mixed 
black and white, others yellow and some pink; many are clear but 
flaky. Then there is the small débris from diamond cutting, which 
is reduced to powder and sells somewhat cheaper; but some find 
it more economical to use the above and powder it themselves, as 
the débris from diamond cutting is of a flaky nature, and does not 
charge into the lap so well. 
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Assuming there is 25 carats to reduce to powder, proceed as follows: 

Into a mortar, as shown at Fig. 4, place about 5 carats, using an 
8-ounce hammer to crush it. It takes from 3 to 4 minutes’ steady 
pounding to reduce it to a good average. Scrape the powder free 
from the bottom and the sides and empty into one half pint of oil. 
The oil used is the best olive oil obtainable, and is held in a cup- 
shaped receptacle that will hold a pint and one half. The 25 carats 
being reduced to powder, and in the oil, stir it until thoroughly mixed, 
and allow to stand 5 minutes; then pour off to another dish. The 
diamond that remains in the dish is coarse and should be washed 
in benzine and allowed to dry, and should be repounded, unless 
extremely coarse diamond is desired. In that case label it No. o. 
Now stir that which has been poured from No. o, and allow to stand 
10 minutes. Then pour off into another dish. The residue will 
be No. 1. Repeat the operation, following the table below. 

The settlings can be put into small dishes for convenient use, 
enough oil staying with the diamond to give it the consistency of 
paste. The dishes can be obtained from a jewelers’ supply house. 


TABLE FOR SETTLING DIAMOND POWDER 


To obtain No. o— 5 minutes. To obtain No. 3 — r hour. 

To obtain No. 1—10 minutes. To obtain No. 4— 2 hours. 

To obtain No. 2— 30 minutes. To obtain No. 5 — ro hours. 
To obtain No. 6 — until oil is clear. 

Diamond is seldom hammered; it is generally rolled into the 
metal. For instance, several pieces of wire of various diameters 
charged with diamond may be desired for use in die work. Place 
the wire and a small portion of the diamond between two hardened 
surfaces, and under pressure roll back and forth until thoroughly 
charged. No. 2 diamond in this case is generally used. Or one can 
form the metal any desired shape and apply diamond and use a roll, 
as Fig. 6, to force the diamond into the metal. This is then a file 
which will work hard steel, but the moment this diamond file, or lap, 
is crowded it is stripped of the diamond, and is consequently of no 
use. Itis to be used with comparatively light pressure. 


Diamond Laps 


Copper is the best metal. It takes the diamond readily, and 
retains it longer than other metals; brass next, then bessemer steel. 
The latter is used when it is wished to preserve a form that is often 
used. 

For sharpening small, flat drills, say 0.008 to 0.100, a copper lap 
mounted on a taper shank, as in Fig. 5 and charged on the face with 
No. 2 diamond, using pressure on the roll, makes a most satisfactory _ 
method of sharpening drills. The diamond lasts for a long time if 
properly used, and there is no danger of drawing the temper on the 
drill. It is much quicker than any other method of sharpening. 

To charge the lap use the roll, Fig. 7, supported on a T rest press- 
ing firmly against the lap, being careful to have the roll on the 
center; otherwise instead of charging the lap it will be grinding the 
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roll. The diamond may be spread either on the lap or the roll, and 
the first charging usually takes twice the amount of diamond that 
subsequent charging takes. To avoid loss of diamond, wash the 


FIG.7 


FIG. 4 


Diamond Lap Tools 


lap in a dish of benzine kept exclusively for that purpose. This can 
be reclaimed by burning the metal with acids, and the diamond can 
be resettled. 

For the grinding of taper holes in hard spindles or for position 
work in hard plates, where holes are too small to allow the use of 
emery wheels, No. 1 diamond does the work beautifully. Or if it 
is wished to grind sapphire centers or plugs as stops, etc., a bessemer 
lap made in the form of a wheel and charged with diamond on the 
diameter does the work nicely. 

Nos. 5 and 6 diamond are used on boxwood laps, mounted on 
taper plugs or chucks, and the diamond smeared on with the finger. 
The lap is run at high speed and used for fine and slow cutting 
which also gives a high polish. 


REAMER AND CUTTER GRINDING 


Reamer Clearances 


AFTER constant experimenting for a period of more than a year, 
the Cincinnati Milling Machine Company succeeded in establishing 
tables for four styles of reamers for obtaining what they consider to 
be the best clearances, the object being to grind clearances on reamers 
which would ream the greatest number of smooth holes with a mini- 
mum amount of wear. The four styles of reamers are as follows: 
Hand reamers for steel, hand reamers for gray iron and bronze, chuck- 
ing reamers for gray iron and bronze, chucking reamers for steel. 
The company uses adjustable blade reamers almost exclusively, all of 
which are ground in the toolroom on their universal cutter and tool 
grinder. High speed steel reamers cling to nickel steel and do not 
cut it as well as carbon steel. 


REAMER AND CUTTER GRINDING 237 


Fig. 1 is a cross-section of a hand reamer. Two clearance lines, 
A and B, are ground on the blades, @ being the cutting clearance 
and 0 the second clearance called for in the table. The object of 
giving the adjustment for the second clearance so minutely is to pro- 
vide a proper width of land, which equals .o25 inch on all hand reamers 
for gray iron or bronze, and 0.005 inch on hand reamers for steel. 


Fic. 1. — Cross-section of Hand Reamer 


Chucking reamers for gray iron and bronze have, in this system, 23- 
degree beveled ends as shown in Fig. 2, and are provided with two 
clearances along the blades, for which the settings are given in Table 
3. The beveled ends have only one clearance which is equal to the 
second clearance given in Table 3. Fig. 3 shows a chucking reamer 
for reaming steel. In these reamers the blades are circular ground 
to the exact size of hole to be reamed and without clearance, the 45- 


Fic. 2.— Chucking Reamer Fic. 3. — Chucking Reamer 
Blade for Gray Iron and Bronze Blade for Steel 


degree beveled ends only having clearance as given in Table 4. On 
all reamers of this style the blades are ground from .ors5 to .o20 inch 
below size half of their length toward the shank end. 

In grinding the clearances for the various kinds of reamers as 
given in Table 1, 2, and 3, the tooth rest is held stationary on the 
emery wheel head of the grinder, while in grinding the 45-degree 
beveled ends on the chucking reamers for steel, the tooth rest is 
-supported from the grinder table and travels with the work. The 
front end of the hand reamer blades are tapered about 0.004 per 
inch. The back ends of the blades are also slightly tapered to pre- 
vent injuring the holes when backing the reamer out. 
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Set Tooth Rest 
REAMER CLEARANCE i Wala w Wine 


exoree with an ies 3” dia.—Tooth Rest to be Set Central Holding Centers. 
with Emery Wheel Spindle. Set Work holding Centers above Amount given 
Seite Ri see Center by Amount given below in Tables No. Per in Table 
1-2 and 3 0. 4 


TABLE 1 TABLE 2 TABLE 3 TABLE 4 
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REAMER CLEARANCE 


Ground with Cup Wheel 3” dia—Tooth Rest to be Set Central 
with Emery Wheel Spindle. Set Work holding Centers above 
Emery Wheel Center by Amount given belowin Tables No. 


Set Tooth Rest 
Below Work 
Holding Centers 
Amount given 
Below in Table 


I-2 and 3 No. 4 
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Mount Tooth Rest 
jon Table of Machine 
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Cur WHEEL CLEARANCE TABLE 


For setting tooth rest to obtain 
5° or 7° clearance when grinding 
peripheral teeth of milling cutters 
with cup-shaped wheel. Tooth 
rest is set below work centers as 
at A, the distance being found in 
the table below. 


Disk WHEEL CLEARANCE TABLE 


Giving distance B for setting 
work centers and tooth rest be- 
low center of wheel spindle to 
obtain 5° or 7° clearance with 
wheels of different diameters 
when grinding with periphery of 


disk wheel. 
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OILSTONES AND THEIR USES 


Natural Stones 


Tue following particulars regarding the well-known Arkansas and 
Washita stones are given by the Pike Manufacturing Company: 

Arkansas stones are made from rock quarried in the Ozark moun- 
tains of Arkansas, and are prepared for commercial purposes in two 
grades, hard and soft. ° 

Hard Arkansas is composed of pure silica and its sharpening 
qualities are due to small, sharp-pointed grains, or crystals, of hex- 
agonal shape, which are much harder than steel and will, therefore, 
cut away and sharpen steel tools. The extreme fineness of texture 
makes this stone, of necessity, a slow cutter, but in the very density 
of the crystals of which it is composed lies its virtue as a sharpener. 

Soft Arkansas stone is not quite so fine-grained and hard as the 
hard Arkansas, but it cuts faster and is better for some kinds of 
mechanical work. It is especially adapted for sharpening the tools 
used by wood carvers, file makers, pattern makers, and all workers 
in hard wood. 

Washita stone is also found in the Ozark mountains in Arkansas 
and is similar to the Arkansas stone, being composed of nearly pure 
silica, but is much more porous. It is known as the best natural 
stone for sharpening carpenters’ and general wood workers’ tools. 
This stone is found in various grades, from perfectly crystallized 
and porous grit to vitreous flint and hard sandstone. The sharp- 
ness of the grit depends entirely upon its crystallization, the best 
oilstones being made from very porous crystals. 

In addition to the regular rectangular sections, natural stones are 
made in such shapes as square, triangular, round, flat, bevel, dia- 
mond, oval, pointed. knife edge. 


Artificial Oilstones 


ARTIPICIAL oilstones are manufactured in a multitude of shapes and 
sizes and are adapted for sharpening all kinds of tools. Such stones 
are made by the Norton Company of alundum and crystolon, the 
former being known as India oilstones, the latter as crystolon sharp- 
ening stones. Similar shapes are manufactured by the American 
Emery Wheel Works, and the Carborundum Company also makes 
such stones in great variety. 

The stones are made in three grades or grits, coarse, medium and 
fine. The coarse stones are used in machine shops for sharpening 
very dull or nicked tools, machine knives, and for general use where 
fast cutting is desired. 

Medium stones are sharpening mechanics’ tools in general, more 
particularly those used by carpenters and in wood-working shops. 

Fine stones are adapted for engravers, die workers, cabinet makers 
and other users of tools requiring a very fine, keen-cutting edge. 

Of the great variety of shapes and sizes a number adapted espe- 
cially for machine shop purposes are illustrated half size in ‘Fig. 1. Of 
these, Nos. 0, 1, 13, 2, 24 and 29 are for sharpening lathe and planer 
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tools, and for use after grinding; Nos. 23, 25, 56 and 56} for reamers; 
Nos. 13, 14 and 15 for taps; Nos. 4, 5, 6, 7, 8, 9, 10, 11, 12 and 26 
for dies. 


6s1'x y y 


No.1 


«oe . 
8x15 14 


No.0 - eroky 
No.1%-759's1" 
No,29 - @xa'x1" 


Fic. 1.— Shapes of Oilstones 


A few shapes and sizes for curved-edge wood-working tools are Nos. 
ZO, IT, 12, 13, 14, 15, in Fig. tr. Rectangular shapes for straightedge 
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tools like chisels, plane bits, planer knives, scrapers, paper-cutting 
knives and other tools with broad flat edges are Nos. 0, 1, 13, 2, 24, 
29, in Fig. 1. 


No.58 No.51 
Fic. 2. — Shapes of Oilstones 


Fig. 2 shows some of the sizes and shapes particularly adapted for 
mold and die work, watch and clock makers’ tools, etc. Other 
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shapes suitable for such purposes are shown by Nos. 4, 5, 6, 7, 8, 9 
and 26 in Fig. 1 and No. 51 in Fig. 2. 


How to Care for Oilstones 


LIkE anything else, an oilstone can be ruined by wrong treatment 
and lack of care. 

There are three objects to be attained in taking good care of an 
oilstone: first, to retain the original life and sharpness of its grit; 
second, to keep its surface flat and even; third, to prevent its glazing. 

To retain the original freshness of the stone, it should be kept 
clean and moist. To let an oilstone remain dry a long time, or 
expose it to the air, tends to harden it. A new natural stone should 
be soaked in oil for several days before using. If an oilstone is kept 
in a dry place (most of them are) it should be kept in a box with 
closed cover, and a few drops of fresh, clean oil left on it. 

To keep the surface of an oilstone flat and even simply requires 
care in using. ‘Tools should be sharpened on the edge of a stone as 
well as in the middle to prevent wearing down unevenly, and the 
stone should be turned end for end occasionally. 

To restore an even, flat surface grind the oilstone on the side of a 
grindstone or rub it down with sandstone or an emery brick. 

To prevent an oilstone from glazing requires merely the proper 
use of oil or water. 

The purpose of using either oil or water on a sharpening stone is 
to float the particles of steel that are cut away from the tool, thus 
preventing them from filling in between the crystals and causing the 
stone to glaze. 

All coarse-grained natural stones should be used with water. Use 
plenty of it. 

On medium and fine-grained natural stones and in all artificial 
stones, oil should be used always, as water is not thick enough to 
keep the steel out of the pores. 

To further prevent glazing, the dirty oil should always be wiped 
off the stone thoroughly as soon as possible after using it: This is 
very important, for if left on the stone, the oil dries in, carrying the 
steel dust with it. Cotton waste is one of the best things to clean a 
stone with, and is nearly always to be found in a shop. 

If the stone does become glazed or gummed up, a good cleaning 
with gasolene or ammonia will usually restore its cutting qualities, but — 
if it does not, then scour the stone with loose emery or sandpaper 
fastened to a perfectly smooth board. 

Never use turpentine on an oilstone for any pur pose. 


SCREW MACHINE TOOLS, SPEEDS 
AND FEEDS 


BOX TOOLS AND CUTTERS 


Tue general principles of two types of box tools using respectively 
tangent and radial cutters are represented in Figs. r and 2. The 
former type is generally used for roughing and the latter for finishing. 
The tangent cutter in the type of box tool shown in Fig. x lies in a 
slot formed parallel to the bottom of the box but at an angle, usually 


Cutter 


Fic. 1.— Roughing Box Tool with 
Tangent Cutter 


ten degrees, with the front of the box, thus giving the desired rake 
at the cutting point. Finishing cutters of the type in Fig. 2 are 
straight on the end, located square with the work and ordinarily 
ground as indicated to give 7 to 10 degrees front clearance for steel 
and 5 to 8 degrees for brass. 

The tangent cutter is sharpened by grinding on the end, and com- 
pensation for the grinding away of the metal is made by adjusting 
the cutter forward, whereas in the radial type of cutter in Fig. 2, 
frequent sharpening cannot be done without resulting in lowering 
the cutting edge of the tool below the center of the work, unless a 
substantial part of the tool be sacrificed. The radial tool, however, 
is easily ground accurately on face a, which is the edge governing the 
finish; while the corresponding face on the tangent tool is rather 
difficult to grind so as to produce as smooth work. 
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The sizes of steel recommended for box-tool cutters are as follows: 
For box tools used for stock diameters up to 4°s inch, 44; inch square; 
up to } inch diameter, s% inch square; up to $ inch diameter, } inch 
square; up to } inch diameter, 4°, inch square; up to r inch diameter, 
# inch square; up to 1} inches diameter, } inch square. 


HOLLOW MILLS 


Tue teeth of hollow mills should be radial or ahead of the center. 
With the cutting edge ahead of the center, as in Fig. 3, the chips as 
produced are caused to move outward away from the work and pre- 
vented from disfiguring it. With the cutting edge below the center, 
rough turning will result. With the cutting edge greatly above the 
center, chattering occurs About one tenth of the cutting diameter 
is a good average amount to cut the teeth ahead of the center. 


Tan 


Back Rest — 
Jaws 


7to 10° for Steel i, 
5 to § for Brass 
Fic. 2.— Finishing Box Tool with 
Radial Cutter 


When the chips produced from any turning or boring cut curl 
nicely, it is indicative of a free cutting action; but these chips are 
very troublesome on the automatic screw machine. In making hollow 
mills for the automatic, part or all of the rake to the cutting edge is 
generally sacrificed. 

The table under the hollow mill in Fig. 3 gives proportions of 
mills from yy to } diameter, showing the amount to cut the teeth 
ahead of the center, the taper of the hole, etc. 
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Fic. 3.— Hollow Mill Dimensions 


DIES AND TAPS 


Tr is good practice in making spring screw dies to either hob out 
the thread with a hob tap 0.005 to 0.015 inch over-size, according 
to size, and in use to spring the prongs to proper cutting size by a 
clamping ring, or to tap the die out from the rear with a. hob tap 
tapering from 4%; inch to } inch per foot, leaving the front end about 
0.002 inch oyer cutting size, and in this case also to use a clamping 
ring. Both of these schemes are for the purpose of obtaining back 
clearance and are effective. Of the two the use of the taper hob is 
to be preferred. : 
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Spring Die Sizes 


The table of dimensions for spring screw dies, Fig. 4, should prove 
of service, particularly for steel. For brass the cutting edge is 
radial, thus eliminating dimension A. The width of land at bottom 
of thread is usually made about } outside diameter of cut, the milling 
between flutes being 70 degrees, leaving 50 degrees for the prong in 
the case of three-flute dies. 
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A= <a -003].OI 2!.019}.025}.031|0.10 Sag | a .016/0.19 .021 
L= | #| es| #] 4] 4] se] 4] te] oh ii) 1 
Sizes $ To 1 INCH 
Dis #to4 4 to? }tor 
Th? ¢ PI. = Std. Std. Std. 
A= D + 10 D + 10 D+ 10 
L= Fi rh 1 
O.S. Dia. rhe 1} 13 
Length ot 2}” 2h” 


Fic. 4.—Spring Die Dimensions 


Sizing Work for Threading 


In boring holes previously to tapping they should be somewhat 
larger than the theoretical diameter at bottom of thread, as the 
crowding action of the tap will cause the metal to flow some and 
compensate for this. Where no allowance is made, frequent tap 
breakage is liable to occur and torn threads in the work also. On 
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external work it is for the same reasons advisable to turn the work 
undersize and the following table gives good average allowances for 
both internal and external work. 


ALLOWANCES FOR THREADING IN THE SCREW MACHINE 


Ex 1] Work Internal Work — 
paar Tum Undersiz Increase Over Theoretical 

28 0.002 0.004 

24 0.002 0.0045 
22 0.0025 0.005 

20 0.0025 0.0055 
16 0.003 0.006 

14 0.003 0.0065 
13 0.0035 0.007 
12 0.0035 0,007 

II 0.0035 0.0075 
Io 0.004 0,008 

9 0.004 0.0085 
0.0045 0,009 

7 0.0045 0.0095 
6 0.005 + 0.010 


Tap Length and Number of Lands 


The number of teeth in taps and the width of land should be 
regulated by the diameter and pitch of work as well as the nature of 
the material being cut. On fine threads, where a drunken thread is 
to be insured against, more teeth are required than on a coarser pitch 
of the same diameter. A good average number of teeth on taps for 
United States standard threads is given in the following table. With 


Outside Dia. No. of Flutes Width of Land 
Ye 4 oe 
t 4 1s 
16 4 bes 
3 4 Ba 
1s 4 res 
g 4 t 
3 4 Ee) 
t 4 16 
t 4 
I 4 $ 
ey 4 ts 


too few teeth and too short land very little support is afforded and 
this may cause chattering; too much land in contact causes heat due 
to excessive friction, welding of chips and torn threads.’ 
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(2-8/0 &)-20 +,3/|-9 = 


syjdaq pure sxojaurei¢y jooy, Sulw10.7 
8 ‘SId 


6 ‘Ola 


1ooy, Fuymu0y 
AvpNIIID 


1ooy, Fuymaog 
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FORMING TOOLS 


THE two types of forming cutters commonly used in the screw 
machine are shown in Figs. 5 and 6. The circular forming cutter in 
Fig. 5 is usually cut away from -} to #; inch below center to give 
suitable cutting clearance and the center of the tool post on which 
it is mounted is a corresponding amount.above the center of the 
machine, so that the cutting edge of the circular tool is brought on 


Fic. 5.— Circular Forming Tool 


the center line of the work. The relative clearance ordinarily 
obtained by circular cutters and dovetail tools of the type shown in 
Fig. 6, is indicated in Fig, 7. It is obvious that with a given material 
the larger the diameter of the work the greater the angle of clearance 
required. Clearance angles are seldom less than 7 degrees or over 
12 degrees. 

The diameter of circular forming tools is an important matter for 
consideration. A small diameter has a more pronounced change of 


Fic. 6. — Dovetail Forming Tool 


clearance angle than a large diameter. In fact, when of an exceed- 
ingly large diameter the circular tool approaches in cutting action 
the dovetail type of tool which is usually provided with about 10 
degrees clearance. Circular tools usually range from about 1? to 
3 inches diameter, depending upon the size of machine in which 
they are used. , 
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Getting the Tool Diameters at Different Points 


In order to make a circular or a dovetail type of tool so that 
the contour of its cutting edge is such as to produce correct work, the 
amount a circular tool is cut below center, as at c in Fig. 8, and the 
clearance angle of a dovetail tool as at A’, Fig. 7 must be known. 
Thus, referring to Fig. 8, the forming tool shown cuts two different 
diameters on the work, the step between being represented by dimen- 
sion a. To find depth f to which the forming tool must be finished 
on the center line.to give the correct depth of cut a in the work (the 


Tool cut out here 
after Forming 


To suit amount Auto- 
matic Tool Holder is 


Fic. 10,— Finishing a Circular Tool 


cutter being milled below center an amount represented by c) the 
following formula may be applied: 


faE-V eto (aV/g—e). 


Suppose the depth of cut in the work represented by a to be 0.152”; 
the radius g of the forming cutter 1 inch; the distance ¢ which the 
forming tool is milled below center, 34; inch. Applying the above 
formula to find f and substituting the values just given for the letters 


in the formula we have f = 1 —~A/'x + .0231 — (.304°/ t —. 03516) 
=1—V/ t+ .0231 — (.304 X -9823) 
=1—V .724485 = 1 — .8512 = .1488 
Then f = .1488 
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Dovetail Tool Depths 


If a similar piece of work is to be formed with a dovetail type of 
cutter, the distance T, Figs. 7 and 9, to which it is necessary to plane 
the tool shoulder in order that. it may cut depth a correctly in the 
work, is found by the formula: T = a@ (cosine A’). As ro degrees 
is the customary clearance on this form of tool, the cosine of this 
angle, which is .98481, may be considered a constant, making refer- 
ence to a table of cosines unnecessary as a rule. Assuming the same 
depth for a as in the previous case, that is .152 inch, and multiplying 
by .98481, gives .1496 inch as the depth of T to which the tool must 
be planed. 


Dovetail 
Cutter Blank 


, 


nek 


Fic. 11.— Finishing a Dovetail Forming Tool 


While it frequently is necessary or advisable to determine by 
calculation the dimension computed in the preceding examples, in 
the majority of cases when making a cutter with a master tool of 
the same outline as the model, the correct form in the circular cutter 
is obtained automatically by dropping the master tool to the same 
distance below the lathe center as the circular cutter is to be milled 
off center and then feeding it in to finish the cutter. This procedure, 
shown in Fig. ro, assures the correct shape at all points being pro- 
duced on the exact working plane of the cutter. Similarly, in finish- 
ing a dovetail cutter in the planer or shaper, the master tool may be 
set as in Fig. r1 at the same angle with the cutter (usually 10 degrees) 
as the latter will afterward be applied to the work. 
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CIRCULAR TOOL FOR CONICAL POINTS 


WHEN a circular cutter is to be made for forming a conical surface 
on a piece as in Fig. 12, a master tool of the exact angle required on 
the work may be used for finishing the cutter in the same way as the 
tool in Fig. 9 is applied; that is, the master is to be dropped below 
center the amount the cutter center is to be above the work center 
when in operation. The distance is represented by A in Fig. 12. 
Another method, which avoids the necessity of making a master tool, 
is to set the compound rest of the lathe to the exact angle required 
(in this case 30 degrees with the center line) and with a horizontal 


Fic. 12. — Circular Forming Tool for Conical Points 


cutting tool set at distance D below center, turn off one side of the 

cutter blank and then set the compound rest around the other way 

and face off the other side. If desired a simflar method may be 

followed for grinding the forming cutter after hardening. The 

arbor carrying the cutter should be located either above or below 

(R+7), 
r 


the grinding wheel a distance equal to D where D equals 


the depth the cutter is milled below center, r the radius of the cutter, 
and R& the radius of the emery wheel. Assuming D to be .187 (5) 
inch; R, 2.5 inches; and r, 1 inch, the vertical distance between centers 
of forming tool and grinding wheel centers would equal .187 at 28 


= .187 (3.5) = .6562 (34) inch. 
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FINDING DIAMETERS OF CIRCULAR 
FORMING TOOLS 


Ty making circular forming tools it is oftentimes desirable to check 
the finished tool or finish a tool by grinding. It may also be advan- 
tageous to know the exact diameter a tool should be turned while 
making it, in order that calipering may be more convenient and 
certain. Methods of computing the diameter at different points are 
given on page 252, but in many cases of this kind the following 
tables will greatly facilitate matters, particularly when making 
circular forming tools for 
Brown & Sharpe automatic 
screw machines: 

Suppose, for example, we 
have a piece to make like Fig. 
13, on the No. 2 Brown & 
Sharpe automatic screw ma- 
chine. The largest diameter 
of the circular forming tool Fic. 13.— The piece to be made 
would produce the smallest 
diameter of the piece, which is 0.250 inch. The difference between 
this 0.250-inch diameter and the step of the 0o.750-inch diameter 
is (0.750 — 0.250 inch) + 2 = 0,250 inch. 

The largest diameter of the circular forming tool for the No. z 
machine is 3 inches, which corresponds to a radius of 1.49998 inches 
with a base line of 1.479 inch for the triangle cornpleted by the per- 
pendicular joining the cutting line of the tool with the parallel line 
passing through the center of the tool. 

The hypothenuse of the triangle is formed by the radius joining 
the intersection of the base line and the circumference of the tool 
as in Fig. 14. Subtracting 0.250 inch from 1.479 inches we have 
1.229 inches, which, in Table 4, corresponds to a radius of 1.25417 
inches, and multiplying by 2 gives a diameter of 2.50834 inches, 
to which to turn the cutter to correctly form the 0.750-inch diameter 
on the piece, Fig. 13. 

Considering the largest diameter of the piece and taking the height 


of the second step above the first diameter, we have 2938 — 9.25 — 


2 
0.344 inch, and subtracting from 1.479 = 1.135 for the base line, 
which, in Table 4, corresponds to a radius of 1.16221. Multiplying 
by 2 gives a diameter of 2.3244 to turn the cutter to in order to pro- 
duce the 0.938-inch diameter on the work. Tables 2, 3 and 4 are 
for cutters of the dimensions given in Table 1. 

These tables are figiired in steps of 0.001 inch for the capacity of 
the machines. A difference of a fractional part of a thousandth can 
be added to the radius if the step is a part of a thousandth over the 
base-line figures, which are given in even thousandths. For illus- 
tration: Say the base-line figure is 1.4765 inches. In the table 
1.476 inches corresponds to a radius of 1.49702; add 0.0005 inch to 
1.49702 and the radius will be as near correct as it is practicable to 
make a cutter. 
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TABLE 1.— DIMENSIONS OF CUTTERS FOR 
B. & S. Auromatic Screw MACHINES 


Mach.| Approx.| Max. Max. | Distance Above 
No. | Diam. | Radius |Base Linejor Below Center 
2 st 1.49998” | 1.479” 0.250” 
° 2)" 1.12474” | 1.109” 0.1875" 
fore) 17’ 0.93836" | 0.930” 0.125” 


Fic. 14 


TABLE 2. — For Frnprnc DIAMETERS OF CIRCULAR FORMING TOOLS 
FOR BROWN & SHARPE No. oo AUTOMATIC SCREW MACHINE 


No. oo No. 00 No. 00 No. 00 No. 00 
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TaBLE 3.— For Finpinc DIAMETERS OF CIRCULAR FORMING 
Toots FoR BRowN & SHARPE No. o AUTOMATIC 
ScrEw MAcHINE 


No. o No. o No. o No. o No. 0 
Base . Base . Base . Base » | Base . 
Tene Radius Tie Radius Tine Radius ane Radius Tine Radius 
z.109 | 1.12474 | 1.060 | 1.07646 | 1.010 | 1.02726 | .960 | .97813 | .g10 | .o2911 
1.108 | 1.12375 | 1.059 | 1.07547 | 1.009 | 1.02627 | .959 | -97715 | .909 | .02813 
1.107 1.12277 | 1.058 | 1.07448 | 1.008 | 1.02520 | .958 | .97617 | .908 | .o2715 
T.106 3.12178 | 1.057 | 1.07350 | 1.007 | 1.02431 | .957 | -07519 | .907 | 02617 
1.105 1.12079 | 1.056 | 1.07252 | 1.006 | 1.02332 | .956 | .07421 | .906 | .o2510 
1.104 | r.1198r | 1.055 | 1.07153 | 1.005 | 1.02234 | -055 | -97323 | -905 | -92421 
1.103 1.11882 | 1.054 | 1.07055 | 1.004 | 1.02136 | .054 | -97225 | .904 | -02324 
1,102 1.11784 | 1.053 | 1.06956 | 1.003 | 1.02038 | .953 | .97127 | .903 | .92220 
1.101 1.11685 | 1.052 | 1.06857 | 1.002 | 1.01939 | -952 | .97028 | .902 | .92128 
1.100 1.11586 | 1.051 | 1.06759 | r.00r | 1.01841 | .951 | .96930 | .gor | .92030 
1.099 1.11488 | 1.050 | 1.06661 | 1.000 | 1.01743 | .950 | .96832 | .900 | .91932 
1.098 1.11389 | 1.049 | 1.00563 .999 | 1.01644 | .949 | .06734 | .800 | .91834 
1.097 r.11291 | 1.048 | 1.06464 | .908 | 1.01546 | .948 | .96636 | .898 | .91732 
1.096 I.Ir1g2 | 1.047 | 1.06366 | .997 | 1-01448 | -047 96538 | .897 | .91638 
1.095 1.11094 | 1.046 | 1.06267 .906 | 1.01349 | -046 | .06440 | .896 | .o1540 
1.094 | 1.10995 | 1.045 | 1.06169 | .995 | 1.01251 | .045 | -06342 | 805 | .o1442 
1.093 1.10896 | 1.044 | 1.06070 | .994 | 1.01153 | -944 | .96244 | -804 | -01345 
1.092 1.10798 | 1.043 | 1.05072 | .003 | 1.01055 | -943 | -96146 | .893 | -91247 
1.091 1.10699 | 1.042 | 1.05874 | -992 | 1.00057 | .042 96047 | .892 | .or149 
1,090 1.10601 | 1.041 | 1.05775 991 | 1.00858 | .041 | .95049 | -Sor | .gIO51 
1.089 I.10502 | 1.040 | 1.05677 990 | 1.00760 | .940 | .95851 | .800 | .90953 
1.088 | 1.10404 | 1.039 | 1.05578 | 989 | 1.00662 | .039 | .05753 .889 | .90855 
1.087 1.10305 | 1.038 | 1.05480 | .988 | 1.00563 | .938 95655 | .888 | .90757 
1.086 1.10207 | 1.037 | 1.05381 | .987 | 1.00465 | .037 | -95557 | .887 90660 
1.085 z.10108 | 1.036 | 1.05283 | .986 | 1.00367 | .036 | .05459 | .886 90562 
1.084 1.00009 | 1.035 | 1.05185 | 985 | 1.00269 | .935 95361 | .885 | .90464 
1.083 1.09911 | 1.034 | 1.05086 | .984 | 1.00170 | .034 95263 | .884 | .90366 
1.082 1.09813 | 1.033 | 1.04988 | -983 | 1.00072 | .933 95165 | .883 | .90268 
1.081 1.09714 | 1.032 | 1.04889 | .982 | .99974 | -932 95067 | .882 | .gor70 
1.080 1.09616 | 1.031 | 1.04791 | .98r | .09875 | -031 94969 | .88r | .90073 
1.079 | 1.09517 | 1.030 | 1.04693 | -980 | .99777 | -930 | .94871 | .880 | 89975 
1.078 | 1.09418 | 1.029 | 1.04504 | -979 | -99679 | 929 | 04773 | -879 | .80877 
1.077 1.09319 | 1.028 | 1.04496 | -978 | .99581 | .928 94675 | .878 | .80770 
1.076 | 1.09221 | 1.027 | 1.04308 | .077 | -99483 | .927 | 94577 | -877 | -80681 
1.075 1.09123 | 1.026 | 1.04299 | .976| .99384 | -926 | .04470 -876 | .89584 
1.074 1.09024 | I.025 | 1.04200 | .975 99286 | .925 | .94381 | .875 | -89486 
1.073 1.08926 | 1.024 | 1.04102 | .074 | -99188 | .024 94283 | .874 | 89388 
1,072 1.08828 | 1.023 | 1.04004 | .973 .99090 | .923 | .94185 | .873 | -89200 
1.071 1.08729 | 1.022 | 1.03906 | .972 .98991 | .922 | .94087 | .872 | .89103 
1.070 1.08630 | 1.021 | 1.03807 | .971 | .98803 | .921 93989 | .871 | .89005 
1.069 1.08532 | 1.020 | 1.03709 | .970 | .98795 | .920 | .o3801 .870 | .88907 
1.068 1.08433 | 1.019 | 1.03611 | .969 | .98607 | -910 | .03793 -869 | .88800 
1.067 1.08335 | 1.018 | 1.03512 | .968 | .985¢9 | .918 | .03605 .868 | .88802 
1.066 1.08236 | r.0r7 | 1.03414 | .967 | .985o0r | -o17 | .03597 .867 | .88704 
1.065 1.08138 | 1.016 | 1.03316 | .966 | .98402 | .916 | .03499 .866 | .88607 
1.064 | 1.08039 | 1.015 | 1.03217 | .965 | -98304 | -915 | -93401 -865 | .88508 
1.063 1.07941 | 1.014 | 1.03119 | .964 | -.98206 | .o14 | .93303 -864 | .88411 
1.062 1.07842 | 1.013 | 1.03021 | .963 | .98108 | .o13 | -93205 .863 | .88313 
1.061 1.07744 | 1.012 | 1.02922 | .962 | .980T0 | .g12 | .93107 -862 | .88216 

r.orr | 1.02824 | .961 | .97912 | .otr | .93009 | -86r | .88118 
860 | .88020 
.859 | 87922 
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TaBLe 4.— For Frinpryc DIAMETERS OF CIRCULAR FORMING 
Toots FOR BROWN & SHARPE No. 2 AUTOMATIC 
Screw MacHINne 


No. 2 


Radius 


Radius 


No. 2 


Radius 


No, 2 


Base 
Line 


Radius 


1.49908 
1.40809 
1.49801 
1.49702 
1.49604 
1.40505 
1.49406 
1.49308 
1.49209 
I.49I1IO 
I.4QO0I2 
1.48913 
1.48815 
1.48716 
1.48618 
1.48519 
1.48421 
1.48322 
1.48223 
1.48125 
1.48026 
1.47928 
1.47829 
1.47731 
1.47632 
1.47534 
1.47435 
1.47337 
1.47238 
1.47139 
1.47041 
1.46944 
1.460846 
1.46745 
1.46647 
1.46548 
1.46459 
1.46351 
1.46253 
1.40154 
1.46056 
1.45057 
1.45853 
1.45759 
1.45661 
1.45503 
1.45464 
1.45366 
1.45267 


1.45168 
1.45070 
1.44082 
1.44873 
1.44775 
1.44676 
1.44578 
1.44479 
1.44381 
1.44282 
1.44184 
1.44085 
1.43987 
1.43874 
1.43790 
1.43090 
1.43503 
1.43405 
1.43396 
1.43298 
1.43109 
1.43100 
1.43002 
1.42005 
1.42805 
1.42707 
1.42608 
1.42510 
1.4241t 
1.42313 
1.42215 
1.42116 
1.42118 
1.419019 
1.4182 
1.41723 
1.4162 

1.4152 

1.41427 
1.41329 
1.41230 
T.41132 
1.41033 
1.40935 
1.40837 
1.40738 
1.40640 
1.40541 
1.40443 
1.40345 


1.40246 
1.40148 
T.40050 
1.39052 
1.39853 
1.39754 
1.306506 
1.39558 
1.39459 
1.39360 
1.39262 
1.390164 
1.39066 
1.38067 
1.38869 
1.38770 
1.38672 
1.38574 
1.38475 
1.38377 
1.38279 
1.38184 
1.38082 
1.37984 
1.37885 
1.37786 
1.37689 
1.37590 
1.37492 
1.37393 
1.37205 
1.37107 
1.37008 
1.37000 
1.36902 
1.36804 
1.36705 
1.36607 
1.36509 
1.36410 
1.36312 
1.36214 
1.36110 
1.36017 
1.35019 
1.35820 
1.35722 
1.35624 
1.35520 
1.35428 


1.330 
I.320 
1.328 
1.327 
1.326 
1.325 
1.324 
1.323 
1.922 
1.321 
1.320 
1.319 
1.318 
1.317 
1.316 
T.gl5 
1.314 


1.313 | 


1.312 
1.311 
1,310 
1.309 
1.308 
1.307 
1.306 
1.305 
1.304 
1.303 
1.302 
1.301 
1.300 
1.299 
1.298 
1.207 
1.296 
1.205 
1.204 
1.203 
1.292 
1.291 
1.290 


1.289 
1.288 


1.287 
1.286 
1.285 
1.284 
1.283 
1.282 
1.281 


1.35320 
1.35231 
1.35133 
1.35035 
1.34930 
1.34838 
1.34740 
1.34041 
1.34543 
1.34445 
1.34347 
1.34248 
1.34150 
| 1.34052 
| 1.33054 
1.33855 
1.33757 
1.33050 
1.33560 
| 1.33462 
1.333604 
1.33266 
1.33168 
1.33069 
| 1.32971 
1.32873 
1.32775 
1.32677 
1.32578 
1.32480 
1.32382 
1.32284 
1.32186 
1.32087 
1.31989 
1.31891 
1.31793 
1.31605 
1.31590 
1.31498 
1.31400 
1.31301 
1.31203 
I.31T106 
1.31008 
: 1.30009 

1.30811 
1.30713 
1.30615 
1.30517 


No. 2 

Base 

Line | Radius 
1.280 | 1.30419 
1.279 | 1.30320 
1.278 | 1.30222 
1.277 | 1.30124 
1.276 | 1.30026 
1.275 | 1.29928 
1.274 | 1.29830 
1.273 | 1.290732 
1.272 | 1.29633 
1.271 | 1.20535 
1.270 | 1.29437 
1.269 | 1.29339 
1.268 | 1.29241 
1.267 | 1.29143 
1.266 | 1.29045 
1.265 | 1.28947 
1.264 | 1.28848 
1.263 | 1.28750 
1.262 | 1.28652 
1.26% | 1.28554 
1.260 | 1.28456 
1.259 | 1.28358 
1.258 | 1.28260 
1.257 | 1.28162 
1.256 | 1.28064 
1.255 | 1.27966 
1.254 | 1.27868 
1.253 | 1.27770 
1.252 | 1.27672 
1.251 | 1.27574 
1.250 | 1.27476 
1.249 | 1.27377 
1.248 | 1.27270 
3.247 | 1.27181 
1.246 | 1.27083 
1.245 | 1.26985 
1.244 | 1.26887 
1.243 | 1.26789 
1.242 | 1.20608 
1.241 | 1.26593 
1.240 | 1.26495 
1.239 | 1.26397 
1.238 | 1.26299 
1.237 | 1.26201 
1.236 | 1.26103 
1.235 | 1.26005 
1.234 | 1.25007 
1.233 | 1.25800 
1.232 | 1.25711 
1.231 | 1.25613 
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TaBLe 4.—For Frnpinc Diameters OF CIRCULAR FORMING 
Toots FoR BRowN & SHARPE No. 2 AUTOMATIC 
Screw MACHINE 


No. 2 No, 2 No. 2 No. 2 No. 2 
Bove Radius Base Radius Fic Radius Be Radius Base Radius 
1.230 | I.25515 | 1.178 | 1.20424 | 1-126 | 1.15342 | 1.074 | 1.10271 | 1,022 | 1.05213 
1.229 | 1.25417 | 1.177 | 1.20326 | 1.125 | 1.15244 | 1.073 | I-10174 | 1.021 | 1.05116 
1.228 | 1.25319 | 1.176 | 1.20228 | 1.124 | 1.15147 | 1.072 | 1.10076 | I.020 | 1.05019 
1.227 | 1.25221 | 1.175 | 1.20130 | 1.123 | I.15049 | 1.071 | I-09979 | 1.019 | 1.04920 
1,226 | 1.25123 | 1.174 | 1.20032 | 1.122 | I.14951 | 1.070 | 1,09882 | 1.018 | 1.04825 
1.225 | 1.25025 | 1.173 | 1.19934 | 1.121 | 1.14854 | 1.069 | 1.09784 | 1.017 | 1.04728 
1.224 | 1.24927 | 1.172 | 1.19837 | 1.120 | 1.14756 | 1.068 | 1.09687 | 1.016 | 1.04631 
1.223 | 1.24829 | 1.171 | 1.10739 | 1.119 | 1.14650 | 1.067 | 1.09590 | I.015 | 1.04533 
1,222 | 1.24731 | 1.170 | 1.19641 | 1.118 | 1.14561 | 1.066 | 1.09492 | I.014 | 1.04436 
1.221 | 1.24633 | 1.169 | 1.19543 | 1-117 | 1.14463 | 1.065 | 1.09395 | 1.013 | 1.04330 
1.220 | 1.24535 | 1.168 | 1.19446 | 1.116 | 1.14366 | 1.064 | 1.09298 | 1.012 | 1.04242 
1.219 | 1.24437 | 1-167 | 1.19348 | 1.115 | 1.14268 | 1.063 | 1.09200 | I.o11 | 1.04145 
1.218 | 1,24330 | 1-166 | 1.19250 | 1.114 | 1.14171 | 1.062 | 1.09103 | I.aTO |} 1.04048 
1.217 | 1.24241 | 1.165 | 1.19152 | 1.113 | 14073 | 1-061 | 1.09006 | 1.009 | 1.03051 
1.216 | 1.24143 | 1-164 | 1.19054 | 1.112 | 1.13976 | 1.060 | 1.08908 | 1.008 | 1.03854 
1.215 | 1.24045 | 1.163 | 1.18957 | 1-111 | 1.13878 | 1-059 | 1.08811 | 1.007 | 1.03757 
1,214 | 1.23947 | 1-162 | 1.18859 | 1.110 | 1.13780 | 1.058 | 1.08714 | 1.006 | 1.03660 
1,213 | 1.23849 | 1.161 | 1.18761 | 1.109 | 1.13683 | 1.057 | 1.08616 | 1.005 | 1.03563 
1.212 | 1.23752 | 1.160 | 1.18663 | 1.108 | 1.13586 | 1.056 | 1.08519 | 1.004 | 1.03466 
1.211 | 1.23654 | 1.159 | 1.18566 | 1.107 | 1.13488 | 1.055 | 1.08422 | 1.003 | 1.03369 
1.210 | 1.23556 | 1.158 | 1.18468 | 1.106 | 1.13390 | 1.054 | 1.08324 | 1.002 | 1.03273 
I,209 | 1.23458 | 1.157 | 1.18370 | 1.105 | 1.13203 | 1.053 | 1.08227 | 1.001 | 1.03175 
1.208 | 1.23360 | 1.156 | 1.18272 | r.104 | 1.13195 | 1.052 | 1.08130 | I.000 | 1.03078 
1.207 | 1.23262 | 1.155 | 1.18175 | 1.103 | 1.13098 | I.051 | 1.08032 | .9099 | 1.02081 
1.206 | 1.23164 | 1.154 | 1.18077 | 1.102 | 1.13000 | 1.050 | 1.07935 | .908 | 1.02884 
1.205 | 1.23066 | 1.153 | 1.17079 | I.-101-| I-12903 | I.049 | 1.07838 | -907 | 1.02787 
1.204 | 1.22968 | 1.152 | 1.17881 | 1.100 | 1.12805 | 1.048 | 1.07741 | .996 | 1.02690 
1.203 | 1.22870 | 1.151 |.1.17784 | 1.099 | 1.12708 | 1.047 | 1.07643 | .905 | 1.02503 
1,202 | 1.22772 | 1.150 | 1.17686 | 1.098 | 1.12610 | 1,046 | 1.07546 | .904 | 1.02496 
1.20% | 1.22675 | 1.149 | 1.17588 | 1.097 | 1.12513 | 1-045 | I-07449 | -903 | 1.02399 
1.200 | 1.22577 | 1-148 | 1.17491 | 1.006 | 1.12415 | 1.044 | 1.07352 | .992 | 1.02302 
1.199 | 1.22479 | 1.147 | 1.17393 | 1.095 | I-12318 | 1.043 | 1.07254 | 901 | 1.02205 
1.198 | 1.22381 | 1.146 | 1.17295 | 1.094 | 1.12220 | I.042 | 1.07157 ope 1.92108 
1,197 | 1.22283 | 1.145 | 1.17197 | 1.093 | I-£2123 | 1.041 | 1.07060] .989 | 1.02011 
1.196 | 1.22185 | r.144 | 1.17100 | 1.092 | 1.12025 | 1.040 | 1.06963 | .988 | 1,01914 
1.195 | 1.22087 | 1.143 | 1.17002 | 1.091 | 1.11928 | 1.039 | 1.06865 | .987 | 1.01817 
1,194 | 1.21989 | 1.142 | 1.16904 | 1.090 | 1-11830 | 1.038 | 1.06768 | .986 | 1.01720 
1.193 | 1-218Q1 | 1.141 | 1.16807 | 1.089 | 1.11733 | 1.037 | 1.06671 | .985 | 1.01623 
1.192 | 1.21793 | 1.140 | 1.16709 | 1.088 | 1.17635 | 1.036 | 1.06574 | 084 | 1.01526 
I.19r | 1.21696 | 1.139 | 1.16612 | 1.087 | r.11538 | 1.035 | 1.06477 | -083 | 1.01429 
I.190 | 1.21598 | 1.138 | 1.16514 | 1.086 | 1.11440 | 1.034 | 1.06379 | .982 | 1.01332 
1.189 | 1.21500 | 1.137 | 1.16416 | 1.085 | 1.11343 | 1.033 | 1.06282 | -981 | 1.01235 
1.188 | r.21402 | 1.136 | 1.16318 | 1.084 | 1.11246 | 1/032 | 1.06185 | .g80 | 1.01139 
1.187 | 1.21304 | 1.135 | 1.16221 | 1.083 | 1.111448 | 1.031 | 1.06088] .979 | 1.01042 
1.186 | 1.21206 | 1.134 | 1.16123 | 1.082 | 1.11051 | 1.030 | I.os991 | .978 | 1.00045 
1.185 | 1.21108 | 1.133 | 1.16025 | 1.081 | 1.10953 | 1.929 | 1.05893] .977 | 1.00848 
1.184 | 1.21011 | 1.132 | 1.15928 | 1.080 | 1.10856 | 1.028 | 1.05706 | .976 | 1.00751 
1.183 | 1.20013 | 1.131 | 1.15830 | 1.079 | 1.10758 | 1.027 | 1.05699 | .975 | 1.00654 
1.182 | 1.20815 |.1.130 | 1.15732 | 1.078 | 1.10661 | 1.026 | 1.05602 | .974 | 1.00557 
1.181 | 1.20717 | 1.129 | 1.15635 | 1.077 | 1-10563 | 1.025 | 1.05505 | .073 | 1.00460 
1.180 | 1.20619 | 1,128 | 1.15537 | 1.076 | 1.10466 | 1.024 | 1.05408 | .972 | 1.00363 
1.179 | I.20521 | 1.427 | 1.15440 | 1.075 | 1.10369 | 1.023 | 1.05310 | .971 | 1.00267 

-979 | 1.00170 
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HARDENING SPRING COLLETS AND FEED CHUCKS 


Before hardening collets it is common practice to open them some- 
what to insure their having a given tension after hardening and 
tempering so that they will open and release the stock the instant 
they are themselves freed by the chucking mechanism. This opening 
of the chuck must be carefully attended to or an eccentric and un- 
satisfactory job will result. Sometimes a simple fixture having a cone 
pointed spindle is used for this purpose, the collet being held centrally 
while the cone plunger is forced between the chuck jaws to open them 
evenly the necessary amount. No matter how much care is taken in 
this operation, the effect is lost unless the hardening is properly at- 
tended to and only grinding will produce a perfectly true collet. 

Preventing Distortion. — Some toolmakers take the precaution of 
leaving a thin fin of metal at the front end of the collet in each saw 
slot as at A, Fig. 15, in order that when hardened there shall be no chance 

7 of distortion due to un- 
equal springing of the 
jaws. This metal tie or 
bridge at the ends of the 
jaws is removed by grind 
ing out witha thin slitting 
wheel or lap. Another 
method, shown at B, also 
leaves a narrow ring at 
the front end to run on 
grinder center while collet 
e is ground outside. The 

Pic. 15 ring at the end of the nose 
may be ground off leaving the collet ready for use. 

Another method of preventing trouble in hardening is to insert a 
piece of metal, say s4; inch thicker than the width of the saw slot, in 
the front end of the slots and then wire the nose of the chuck tightly 
so as to retain the steel pieces during the hardening process. The 
collet must be heated uniformly and dipped so as to insure all three 
prongs being cooled simultaneously. With the best of care a collet 
that is hardened but not ground afterward will generally require 
touching up on the conical portion of one or two of the prongs to insure 
its running true. It is not difficult, however, to make the collet run 
true within 0.002 inch by polishing one or two prongs. 

In order that the collet may close parallel it must be fairly long and 
the outside of each prong or jaw may be relieved by filing so as to 
insure its bearing along the center line on the conical surface. It 
must be carefully tempered at the ends of slots to prevent breaking. 

Feed Chucks. — Feed chucks need no such refinement in their 
production. They are usually closed after slitting on opposite sides 
so that after hardening they will maintain a constant grip on the 
stock sufficient to feed it forward when it is released by the chuck. 
The idea is indicated at C, Fig. 15. Ordinarily the hole for the stock 
should be bored a little over size otherwise the corners of the feed 
chuck jaws when drawn back over the stock will mar the surface. 
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CUTTING SPEEDS AND FEEDS 
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SPEEDS AND FEEDS FOR SCREW MACHINE WORK 


THE accompanying tables of speeds and feeds for different types 
of tools used on materials commonly worked in the automatic screw 
machine have been compiled from data accumulated and thoroughly 
tested during extended experience in this class of work. 

It is, of course, impossible, where a series of tools is used on an 
automatic machine, to select speeds theoretically correct for every 
tool carried by the turret and cross slide. A compromise is necessary 
and therefore speeds are selected which will fall within the range 
suitable for the different tools. 


Speeds and Feeds for Turning 


Tables 1 and 2, page 261, cover turning speeds and feeds for bright- 
drawn stock (screw stock) and brass, with various depths of chip (that 
is, stock removed on a side) from x; up to} inch. These feeds and 
speeds and depths of cut are figured more especially for such tools 


TABLE 3. SPEEDS AND FEEDS FoR Finish Box Toor, 


Screw Stock Brass Rop a 
my we Pe 
iss a5E% 
aE Bove. Rev. Feed ae Rey. Feed EE £ bi 
kOAS rfa 2 
EV Speed | Mim | Rev. | Bped: \o Min’ 1 Regn dn oe 
i 80 2445 +0045 180 5500 +0045 +0025 
ys 79 1426 | .0055 180 3668 | .0055 | .0025 
Pa 65 993 .0075 180 2750 -0075 +0045 
4 60 458 OI 180 1375 -OIL -006 
? 60 305 O12 180 917 O12 -006 
I 60 229 | .o12 175 668 | .o12 0065 
14 55 140° | .O14 170 433 .O14 .007 
2 50 95 -O14 170 325 -O14 -008 


With high speed steel tools the above speeds may be increased about 3o per cent 
and feeds 10 to 20 per cent. ; 

as roughing boxes where the cut, though frequently heavy, is taken 
by a single cutting tool. For a ;;-inch chip the feeds for various 
diameters of stock are practically midway between those tabulated 
for }-and }-inch chips. The feed per revolution for $ ship taken on — 
diameters 1} inch and larger is the same as given fc. } inch chip, 
the speed also being the same for corresponding diameters. Where 
hollow mills are used on steel and the work is divided among three 
or more cutting edges the feed per revolution for a given depth of 
chip is about 25 per cent coarser than given for box tools; with both 
classes of tools the feeds are, of course, increased as the diameter of . 
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the stock increases, the peripheral speeds being reduced as the feeds 
grow coarser. The speeds and feeds for finishing box tools as used 
on screw stock and brass are given in Table 3, the last column indi- 
cating the amount of stock which, generally speaking, it is advisable 
to remove in order to produce a good surface. 


Forming-tool Speeds and Feeds 


Speeds and feeds for forming tools are given in Tables 4 and s. 
Tt will be seen that after a work diameter of about } inch has been 
reached, a tool about }-inch wide is adapted to take the coarsest 
feed, tools from this width up to approximately 3; (such as com- 
monly employed for cutting-off purposes) admitting of heavier 
crowding as a rule than either the narrower or wider tools. 


TABLE 4. SPEEDS ror FORMING 


¥ Screw Stock Brass Rop “4 Screw Stock Brass Rop 
a 2 

S = 

x) Feet Rey. Feet Rey. xe) Feet Rev. Feet Rey. 
s | Surface per Surface} per .s |Surface} per | Surface] _per 
AQ | Speed | Min. | Speed | Min. Qa Speed |} Min. | Speed | Min, 
+ 75 2292 | 200 | 6112 |] & 60 360... 175ial TOSS 
Ps | 75 1528 | 200 | 4074 || 2 60 305 175 882 
t 70 1069 | 185 | 2827 || 1 60 229 175 667 
3 65 662 | 185 | 1885 || 14 60 153 170 432 
| 65 497 | 185 | 1414 || 2 50. | 96 | 170 | 324 


With high speed steel tools the above speeds may be increased about 30 per cent. 


TABLE 5. FEEDS For ForMING Toors 


SMALLEST DIAMETER OF ForM 


Width 
of 

Form 

fe 3 is t 3 4 2 1} 
| 

qs .0007 | .0008 | .co1 | .oor2 | .cor2 | .oor2 | .cor2 | .oor2 
+ .0005 | .0008 | .cor | .oor2 | .cors | .0020 | .0025 | .co25 
t .0007 | .oor | .oor | .cors | .oors | .co18 | .0018 
3 .0009 | oor | .oor | .cor2 } .cor5 | .oo15 
$ .0008 | .0009 | .cor | .cor }.00r5 | .oors 
3 .0008 { .0009 | .oor | .corr | .cor2 
I -0008 | .0009 | .cor | .cor2 
4 .0007 | .0007 | .0009 | .oorr 
2 .0007 | .0Or 


With cutting-off tools of high speed steel the above feeds may be increased 10 to 
20 per cent. 
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- Drilling Speeds and Feeds 


Drilling speeds and feeds are given in Table 6. While these 
speeds are based on much higher peripheral velocities than drill- 
makers as a rule recommend for general purposes, it should be 
noted that conditions for drilling in the automatic, on the ordi- 
nary run of work, are usually ideal so far as lubrication, steadi- 
ness of feed, etc., are concerned, and it is possible where the holes 
drilled are comparatively shallow and the drill has ample oppor- 
tunity for cooling during operation of the other tools, to maintain 
speeds that would be considered too high to be attempted in general 


shop practice. 
TABLE 6. DRILLING FEEDS AND SPEEDS 
Screw Srock Brass Rop Screw Stock Brass Rop 
= 

=| reed |P-M R.P.M,|| @ R.P.M. R.P.M. 
‘S 5 t at ° at 2 at 

A per 60 Ft. Feed ae RG ie fees 55 Ft. = 165 Ft. 
S| Rev. | Periph- Re Y | Periph- || § Re Periph- oe y, | Periph- 

a of eral ee eral oe eral eve eral 
8 | Drill | speed Speed Speed Speed 
qis | 0013 | 3667 | .0017 | 10696}} 4 | .005 420 | .0065 | 1260 
#x | 0016 | 2933 | 002 | 8555] as | 0057 | 373 | 0074 | 1120 
yz | 0018 | 2445.| .0023 | 7130]/ 2 | .0059] 336 | .0077 | 1008 

4 | .0025 | 1833 | 0033 | 5348|/ 34 | -006 | 305 -0078 917 
¥z | 003 | r42r | .0039| 4144/1 2 | .0065 | 280 | .co84 84 
ys | 004 | 1222 |.0052] 3565]] $ | .0075 | 240 | .0097 702 
gz | -004 | 1048 | .0052] 3050 50 Ft. 150 Ft 
4 | .0045 | 916 | .0058] 2674]| 1 .0085 | ror |.o1ro] 573 
$2 | 0045 | 815 | .0058| 2377]| 1} | .0095 |] 152 |.0123] 458 
ys | 0045 | 733 | -0058] 2139] 1h | -orr 127 | .0143 | '382 

.0045 | 611 | .c0o61 | 1783}, 1} | .o13 109 | .0169] 327 
5 
qs | -005 524 | .0065]} 1528|| 2 | .o14 g6 | .0182] 294 


With high speed drills the above speeds may be increased about 30 per cent. 


Speeds and Feeds for Reaming 


Table 7 is made up of speed and feed data for reamers. In 
this table the feed for different classes of material has been consid- 
ered as constant for any given diameter of reamer, although it is 
probable that with certain materials, especially on brass alloys, etc., 
the feed per revolution might be increased somewhat, to advantage, 
These feeds have been tabulated, however, as 
representing highly satisfactory practice in reaming the materials 


over the rates given. 


listed. 


THREADING, COUNTERBORING, ETC. 
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REAMING FEEDS AND SPEEDS 


TABLE 7. 

8 Rev. per Min. 
g Amount 

§ | Feed to 

4 | per |Remove| Screw | Brass 
| Rev. on Stock | Rod 
Ss Dia. at at 
fay 40 Ft. | 130 Ft. 
$ | .005 0045 | 1222 | 3972 
zs | 006 | .0045} 815 | 2648 
4 | .007 006 611 | 1986 
% | .0085 | .006 407 | 1324 
% | .o105 | .008 306 | 993 
g | .or2 | .008 245 | 795 
2 | org 008 204 662 
I | .o16 o10 153 497 


% Rev. PER Min. 
g Amount 
3 Feed to 
64 per |Remove} Screw | Brass 
3 Rey. on Stock Rod 
as} Dia. at at 
a 4o Ft. | 13° Ft. 
| .of8 oro | 122 | 307 
1% | .020 oro | 102 331 
1% | .022 O10 87 284 
2 024 013 76 248 
24 | .026 O13 68 220 
24 | .028 O13 61 199 
2% | .030 | .013 56 181 
3 .032 O13 51 165 


With high speed reamers the above speeds may be increased about 20 per cent 


Threading, Counterboring, Etc. 


Table 8 explains itself and, while giving speeds for threading work 
with dies, should be of equal value in establishing speeds for tapping. 


TABLE 8. SPEEDS FOR DIES. 


STANDARD THREADS 


WITH HIGH-SPEED STEEL DIES 


3 Screw Stock Brass Rop 3 Screw Stock Brass Rop 
: 3 
Ss Feet Rev. Feet Rey. 36 Feet Rey. Feet Rev. 
o@ | Surface} per | Surface] per a | Surface per Surface} per 
_ Q | Speed | Min. Speed | Min. fa Speed Min. Speed | Min. 
| 
| &| 40 | 1222] 135 | 4126 || 2 35 178 TI5 | 586 
a 40 GrTy| eres roo x 30 115 Ilo 420 
3 35 256 | Teo! | esa rt 30 g2 100 | 306 
| & 35 2607 | 120 917 || 14 30 76 go 229 
; Bl ..35 210 | 120 715 || 2 25 48 85 162 


f 


\ 


i 


oe operation to free it from chips. 


For carbon steel dies run at 50 to 75 % of above speeds. 


For feeds for counterbores from # inch to 2 inches diameter, 


Tables 1 and 2 for turning may be followed where the counterbores 


cut to a depth from one half to three quarters their diameter. Where 


cutting deeper than about one diameter, the feeds should be decreased; 
‘on such depths it is well to withdraw the counterbore during the 


PUNCH PRESS TOOLS 


METHOD OF FINDING THE DIAMETERS OF SHELL 
BLANKS 


Tuts method for the finding of diameters of shell blanks, applies 
also to some other shapes which frequently occur in practice. 

The method is based upon the surface of the shell in comparison 
with the area of the blank and should therefore be used only when 
light material is to be considered. In case of the flanged shapes the 
width of the flange should be small in proportion to the diameter. 


CYLINDRICAL SHELL 


» Fig. 1 shows a cylindrical shell of the diameter d and the depth h. 
To find the diameter of the blank, lay down the diameter d of the 
shell twice on a horizontal line, Fig. 2, add to this a distance equal 
to four times the depth # of the shell and describe a semicircle of 
which the total distance is the diameter. The vertical line D from 
the intersecting point with the circle to the horizontal line gives the 
desired blank diameter. Line D is to be drawn at a distance ¢ from 
the end of the horizontal. 


FLANGED SHELLS 


If the shell has a flange as in Fig. 3, add four times the width of 
this flange to the horizontal line and proceed as above; see Fig. 4. 

In the case of a hemisphere, Fig. 5, lay down the diameter three 
times on the horizontal line and draw the vertical line at the dis- 
tance d from the end, as in Fig. 6. 

If the hemisphere has a flange as in Fig. 7, add a distance equal 
to twice the width of the flange to the horizontal line, as in Fig. 8. 
In any case, the length of the vertical line D gives the desired diam- 
eter of blank, 


TAPER SHELLS 
If a shell with tapering sides, Fig. 9, has to be drawn, multiply 
first the bottom diameter by itself and divide the product by the 


sum of the two diameters d; and d in order to obtain the length x. 
Otherwise proceed as shown in Fig. to. 


FLANGED TAPER SHELLS 


If the taper shell has a flange of the width a, Fig. 11, add to the 
base line of the diagram twice this width, as shown in Fig. 12. 
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DIAMETERS OF SHELL BLANKS 
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TABLE OF DIAMETERS OF SHELL BLANKS 


Tue table shows the diameters of blanks for shells } x } inch to 
6x6 inches inclusive, by } inches. The figures were obtained by 
the formula given on page 267: 


where, 
d 
h 


Diameter of finished shell. 
Hight of finished shell. 


They were also checked by figuring on the area of the metal. 
If it is desired to punch the metal in one or more operations, 
get the mean hight of the shell by the following formula; 


gine ht 
where ils 
’ m = Mean hight of finished shell. 
hk = Hight of finished shell. 
t = Thickness of finished shell. 
T = Thickness of metal before drawing. 


Suppose for example, a shell 2 inches diameter by 6 inches high; 
thickness of metal before drawing, 0.040 inch; finish thickness of 
shell, 0.020 inch, Then 


By using this hight, from the table we find a shell 2 inches diameter 
by 3 inches high requires a blank 5.29 inches diameter. 

When the shell has rounded corners at the bottom, subtract the 
radius of the corner from the figures given in the table. Thus, in 


a ae aal 


Fic. 13 


the last example, suppose the shell to have a radius of } inch on 
the corner; 5.29 — 0.125 = 5.165 inches, the required diameter 
of the blanks. 

When a shell has a cross-section similar to the ones shown in 
Fig. 13, the required blank diameter may be calculated by the fol- 


lowing formula: = 
= 1.1284 V Ww ; 
wt 


d = Diameter of blank in inches; 
W = Weight of shell; 
wo 
a 


where 


Weight of one cubic inch of the metal; 
Thickness of shell. 


DIAMETERS OF SHELL BLANKS 


DIAMETER OF 


BLANKS FOR SHELLS, } X } INCH 
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TO 6X6 INCHES 


3 Hight of Shell 
ovo 
md 
2S 
A Q v 2” id x” 1” 13” 1} 2! 2)” 2 ” 23” an 
E 
Ww” | 0.56 | 0.75 | 0.90 | 1.03 | T.14 | 1.25 | 1.35 | 1-44 | 1-52] 1.60] 1.68] 1.75 
” | 0.87 | 1.12 | 1.32 | 1.50 | 1.66 | 1.80 | 1.94 | 2.06 | 2.18 | 2.29] 2-40] 2.50 
3” | 1.14 | 1.44 | 1.68 | 1.89 | 2.08 | 2.25 | 2.41 | 2.56 | 2.70] 2.84 2.97] 3.00 
en I.4I | 1.73 | 2.00 | 2.24 | 2.45 | 2.65 | 2.83 | 3.00 | 3-16] 3.32 | 3-46] 3.61 
1)” | 1.68 | 2.01 | 2.30 | 2.56 | 2.79 | 3.01 | 3.2 | 3-40 | 3-58 | 3-75 | 3-901] 4.07 
14” | 1.94 | 2-29 | 2.60 | 2.87 | 3-12 | 3.36 | 3-57 | 3-78 | 3-97 | 4-15 | 4-33] 4-50 
17” | 2.19 | 2.56 | 2.88 | 3-17 | 3-44 | 3-68 | 3.01 | 4-13 | 4.34 | 4.53 | 4-72] 4.01 
2” | 2.45 | 2-83 | 3-16 | 3-46 | 3-74 | 4.00 | 4.24 | 4.47 | 4.69 | 4.00] 5.10] 5.20 
27” | 2.70 | 3-09 | 3-44 | 3-75 | 4-04 | 4.31 | 4-56 | 4.80 | 5-03 | 5.25 | 5.46] 5.66 
23” | 2.96 | 3.36 | 3-71 | 4-03 | 4-33 | 4-61 | 4.87 | 5.12 | 5.36 | 5-59 | 5.81] 6.02 
22” | 3.21 | 3.61 | 3-08 | 4.31 | 4.62 | 4.91 | 5-18 | 5.44 | 5-68 | 5.92 | 6.15] 6.37 
3” | 3.46 | 3.87 | 4-24 | 4-58 | 4-90 | 5.20 | 5-48 | 5.74 | 6.00} 6.25 | 6.48 | 6.71 
3r” | 3-71 | 4-13 | 4-51 | 4.85 | 5-18 | 5-48 | 5.77 | 6-04 | 6.31 | 6.56] 6.80] 7.04 
33” | 3-07 | 4-39 | 4-77 | 5-12 | 5-45 | 5-77 | 6.06 | 6.34 | 6.61 | 6.87 | 7.12] 7.36 
32” | 4.22 | 4.64 | 5.03 | 5.30 | 5-73 | 6-05 | 6.35 | 6.64 | 6.91 | 7.18 | 7.44] 7-60 
4” 4-47 | 4.90 | 5.29 | 5-66 | 6.00 | 6.32 | 6.63 | 6.93 | 7.21 | 7-48] 7.75 | 8.00 
43” | 4.72 | 5-15 | 5-55 | 5-02 | 6.27 | 6.60 | 6.91 | 7.22 | 7-50] 7-78 | 8.05] 8.31 
4%” | 4.98 | 5.41 | 5.81 | 6.19 | 6.54 | 6.87 | 7-190 | 7-50 | 7-79 | 8.08 | 8.35 | 8.62 
42” | 5.22 | 5.66 | 6.07 | 6.45 | 6.80} 7-15 | 7.47 | 7-78 | 8.08 | 8.37 | 8.65] 8.92 
st 5-48 | 5.92 | 6.32 | 6.71 | 7.07 | 7-42 | 7-75 | 8.06 | 8.37 | 8.66] 8.94] 9.22 
5%” | 5-73 | 6.17 | 6.58 | 6.07 | 7-33 | 7-68 | 8-02 | 8.34 | 8.65 | 8.05 | 9.24] 9.52 
53” | 5-08 | 6.42 | 6.84 | 7-23 | 7-60 | 7-05 | 8.29 | 8.62 | 8.93 | 9.23] 9.53 | 9:82 
52” | 6.23 | 6.68 | 7.09 | 7-49 | 7-86 | 8.22 | 8.56 | 8.89 | 9.21 | 9.52] 9.81 | 10.10 
6” 6.48 | 6.93 | 7-35 | 7-75 | 8-12 | 8.49 | 8.83 | 9.17 | 9.49 | 9.80 | 10.10 | 10.39 
S| Hight of Shell 
[) 
| 
PAA oie leas” | aa") A Tage ae | ages besa sat aaa Or 
v 1.82 | 1.89] 3.95 | 2-01 | 2.08] 2.14 | 2.19] 2.25 | 2.30] 2.36] 2.41 | 2.46 
3” 2.60 | 2.69 | 2.78 | 2.87 | 2-06 | 3.04] 3-12] 3-21 | 3-29 | 3-36] 3.44} 350 
2” | 3.2} 3.33 | 3-44] 3-54| 3-65 | 3-75 | 3-85 | 3-95 | 4.04 | 4.13 | 4-22 | 4.31 
x 3-74 | 3-87 | 4.00} 4.12 | 4.24 | 4.36] 4.47] 4-53] 4.69 | 4.80] 4.900] 5.00 
rh” | 4.22] 4.37] 4-5t| 4:64] 4-77] 4-01 | 5-03 | 5-15 | 5-27 | 5-39] 5.50] 5-62 
ee ig 4.66 | 4.82 | 4.98 | 5.12 | 5.27 | 5-41 | 5-55 5.68 | 5.81 | 5.94 | 6.06 | 6.18 
1} 5.08 | 5.26] 5.41 | 5-58] 5-73 | 5.88] 6.03 | 6.17 | 6.34 | 6.45 | 6.58) 6.72 
2" 5.48 | 5.66 | 5.83 | 6.00| 6.16 | 6.32 | 6.48 | 6.63 | 6.78 | 6.93 | 7-07 | 7-21 
24" 5.86 | 6.05 | 6.23 | 6.41 | 6.58} 6.75 | 6.91 | 7.07 | 7-23 | 7-39 | 7-54 | 7-690 
2” 6.22 | 6.42] 6.61 | 6.80} 6.98 | 7.16} 7.33] 7-50] 7-66] 7.82 | 7.98 | 8.14 
22” | 6.58| 6.79] 6.00| 7-18| 7.37 | 7-55 | 7-73 | 7-91 | 8.08 | 8.25 | 8.41} 8.58 
ie 6.93 | 7-14 | 7-35] 7-55 | 7-75 | 7-94 | 8-12] 8.31 | 8.49 | 8.66 | 8.83 | 9.00 
a 7.27 | 7-49 | 7-70| 7-9t | 8.11 | 8.31 | 8.50] 8.69} 8.88 | 9.06 | 9.24 | 9.41 
Be” 7.60 | 7.83 | 8.05 | 8.26 | 8.47 | 8.67 | 8.87] 9.07 | 9.26} 9.45 | 9.63 | 9.81 
32” 7.92 | 8.16 | 8.38] 8.61 | 8.82] 9.03 | 9.24] 9.44 | 9-63 | 9.83 |T0.02 |T0.20 
4” 8.25 | 8.40} 8.72] 8.04 | 9.17 | 9-38 | 9.59 | 9.80 |10.00 |10.20 |r0.39 |10.58 
4” 8.56 | 8.81 | 9.04] 9.28 | 9.50] 9.72 | 9-04 10.15 |10.36 |T0.56 |10.76 |10.96 
43" 8.87 | 9-12 | 9-37 | -9.60 | 9.84 10.06 |10.28 |1ro0.50 |r0.71 |10.92 |1I.12 |11.32 
42” | 9.18 | 9.44} 9.69 | 9-93 |r0.16 |10.40 |r0.62 |r0.84 |r1.06 |11.27 |11.48 {11.69 
- 9.49 |-9.75 |10.00 |10.25 |10.49 |10.72 |10.95 |11.18 |11.40 |11.62 |11.83 |12.04 
52” | 9.79 |10.05 |10.3r |10.56 |ro.8r |x1.05 |x1.28 [11-51 |11.74 |11.96 |12.18 {12.39 
5%” | 10.08 |10.36 |10.62 |10.87 {11-12 |11.37 |I1-61 |11.84 |12.07 |12.30 |12-52 |12.74 
” | 10,38 |10.66 |10.92 |11.18 |11.44 {11.69 |11.93 12.17 |12.40 |12.63 |12.85 |13.08 
6” | 10.68 |10.95 |11.23 |r1-49 |11-75 |12.00 |12.25 |12.49 |12.73 |12-96 }13.19 |13.42 
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PUNCH AND DIE ALLOWANCE FOR ACCURATE 
WORK 


Tn the blanking, perforating and forming of flat stock in the power 
press for parts of adding machines, typewriters, etc., it is generally 
desired to make two different kinds of cuts with the dies used. First, 
to leave the outside of the blank of a semi-smooth finish, with sharp 
corners, free from burrs, and with the least amount of rounding on 
the cutting side. Second, to leave the holes and slots that are per- 


Punch Die 


Fic. 14. — Blanking Tools 


Punch 
ie Die 


Fic. 15. — Perforating Tools 


forated in the parts as smooth and straight as possible, and true to 
size. The table given is the result of considerable experimenting 
on this class of work, and has stood the test of years of use since it 
was compiled. 

The die always governs the’ size of the work passing through it. 
The punch governs the size of the work that it passes through. In 
blanking work the die is made to the size of the work wanted and 
the punch smaller. In perforating work the punch is made to the 
size of the work wanted and the die larger than the punch. The 
clearance between the die and punch governs the results obtained. 
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Figs. 14 and 15 show the application of the table in determining 
the clearance for blanking or perforating hard rolled steel .o60 inch 
thick. The clearance given in the table for this thickness of metal 
is .0042, and Fig. 14 shows that for blanking to exactly 1 inch diam- 
eter this amount is deducted from the diameter of the punch, while 
for perforating the same amount is added, as in Fig. 15, to the diameter 
of the die. For a sliding fit make punch and die .00025 to .ooos5 inch 
larger; and for a driving fit make punch and die .coo5 to .oors inch 
smaller. 


TABLE OF ALLOWANCES FOR PUNCH AND Die ror DirrERENT 
THICKNESS AND MATERIALS 


Thicknts of Stock| Clearance fog Bass | Clearance for Medi Clearanes for Hard 

oes Inch Inch Inch 
-O10 ,0005_. -0000 .0007 
.020 oo 0012 -OOT4 
-030 -OO15 .0018 .0021 
.040 .002 .0024 .0028 
.050 .0025 003 .0035 
.060 -003 0036 -004.2 
070 0035 0042 -0049 
.080 .004 .0048 .0056 
-090 0045 0054 0063 
-100 -005 000 _ 1007 

-I1O -0055 .0006 .0077 
-120 -006 .007 2 -0084. 
-130 =) 4) 8065 .0078 .0091 
-I40 .007 .0084 -0098 
150 .0075 :009 /OLO5 
-160 .008 0096 .O112 
-I70 0085 .O102 -O1IQ 
-180 .009 -0108 -0120 
-190 .0005 O14 .0133 
.200 O10 .O12 O14 


CLEARANCE FOR PUNCHES AND DIES FOR 
BOILER WORK 


Tue practice of the Baldwin Locomotive Works on sizes up to 1} 
inches is to make the punch y inch below nominal size and the die 
giz inch above size, which gives #; inch clearance. Above 1} inches 
the punches are made to nominal size and the dies 3's inch large, which 
allows the same clearance as before. The taper on dies below 14 
inches is 1 inch in 12; on sizes above 1} inches it is half this or 3 
inch in 12 inches. 
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LUBRICANT FOR PRESS TOOLS 


AttHouGH there are some shops in which no lubricant is used 
when working sheet metal, and where good results are obtained, still 
it is best to use a lubricant on all classes of sheet-metal work. 

For all cutting dies on brass and steel a heavy animal oil is best. 
Pure lard oil is very satisfactory, although expensive. 

When punching copper, or German silver, a thin coating of lard 
oil or sperm oil should be spread over the sheets or strips before 
punching. A good way to do this evenly is to coat one sheet thickly 
and then feed it through a pair of rolls, after which a number of other 
sheets may be run through the rolls and thus coated evenly. For 
drawn work this method of coating the sheets from which the shells 
are to be drawn will be found to be the best, as the coating of oil on 
the stock will be very thin and it will not be found necessary to clean 
the shells afterward, the oil having disappeared during the blanking 
and drawing process. When oil is applied with a pad or brush the 
coating will be so thick that it will be necessary to clean the article 
produced. 


DRAWING STEEL SHELLS 


In drawing steel shells a mixture of equal parts of oil and black 
lead is very useful, and while it may be used warm it does not affect 
the work as much as the speed of the drawing press does; the thicker 
the stock the slower must be the speed of the punch. A heavy 
grease with a small proportion of white lead mixed in with it is also 
recommended for this purpose. 

If the drawing die is very smooth and hard at the corner of the 
“draw,” or edge of the die, the liability of clogging will be reduced 
toa minimum. Often it will help to give to the die a lateral polish 
by taking a strip of emery cloth and changing the grain of the polish 
from circular to the same direction as the drawing. 


LUBRICANTS FOR BRASS 


For drawing brass or copper a clean soap water is considered most 
satisfactory. One of the largest brass firms in this country uses a 
preparation made by putting 15 pounds of Fuller’s soap in a barrel 
of hot water, and boiling until all the lumps are dissolved. This 
is used as hot as possible. If the work is allowed to lie in the 
water until a slime has formed on the shell it will draw all the 
better. A soap that is strong in resin or potash will not give 
good results. 

In drawing zinc the water should be hot, or the percentage of broken 
shells will be large. 

Aluminum is an easy metal to draw, but it hardens up very 
quickly. For lubricants lard oil, melted Russian tallow and vasel- 
ine are all good. The lubricant should be applied to both sides 
of the metal. 


BROACHES AND BROACHING 


BROACHING is being used more and more to finish holes and even 
for slots and the outside of pieces of work. In most cases it is used 
to change a round hole to a square or other shape, such as the four 
or ten key ways used in automobile transmission. 

The chip cut by each tooth varies from 0.001 to 0.007 inch, accord- 
ing to the material being cut and the accuracy required. The teeth 
are usually undercut from 6 to ro degrees to give a curl to the chip, 
while the top clearance is about 30 degrees. Some English practice 


oe 
X 


The First Chip The Last Chip Section of Broached Hole 
Fic. 1 


undercuts 25 degrees, having top nearly flat. The distance between 
teeth varies according to the length of the hole being broached, the 
spacing being larger for long holes so as not to have too many teeth 
engaged at once, three being a good number. Spacing varies with 
length of hole. 

In broaching square holes from the round, or in other cases where 
there is a decided change of shape, the first teeth take the widest 
cut as at A, Fig. 1. This evens up the work of the different teeth 


as to the length of surface cut as the hole approaches a square as 
seen at B. 

The blank for the cutting part of each broach is first turned taper 
by an amount equal to the total cut of the teeth. The tooth spaces 
are then turned 3 inch apart and about 3; inch deep, this depending 
on the diameter of the broach, as it must not be unduly weakened; 
it is then milled +8 inch square as shown. The longer the hole the 
more chip room must be provided. 
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Where the hole or other surface to be broached is short, the teeth 
are often cut on an angle to give a shearing cut. This is also done 
to prevent chatter at. times, another remedy being to space the teeth 
unevenly as with reamers. 

The solid broach is used more than any other, But as tool steel 
is apt to spring in hardening, and to break out teeth at times, some 

use built-up or sectional broaches, espe- 


cially on large work where the solid 

broach costs heavily. Some use low 

“al carbon steel, case hardened. These 

) sectional broaches are made in a variety 
of ways, Figs. 2 to 4 showing a few 

examples. In Fig. 2 sections are set in 

on the side, while in Figs. 3 and 4 the 


Fic. 3 sections are practically disks held on a 

central arbor. In some cases several 

teeth are made on one section. Fig. 4 is made in the same way for 

broaching internal gears having 66 teeth, 20 diametral pitch and 4 

inch face. Each tooth cuts 0.006, the last three teeth being straight 
to insure the size being accurate. 


PE 


= 


Fic. 4 
BROACHING ROUND HOLES 


Round holes have been broached instead of reamed in some places 
for many years and the practice is growing. It was formerly con- 
fined to soft metal, such as shaft bearings, but is now being made 
to cover all the metals, in some few cases broaching from a cored 
hole. For small work a small arbor press with a sort of sub-press 
can be used to advantage. For larger work the arbor press operated 
by power is very good and of course the regular broaching machine 
can be used in any case. 

Two broaches used in one shop are shown in Fig. 5, other sizes 
can be made in proportion. These were used in a hand arbor press. 
The first 5 or 6 teeth do most of the cutting as these broaches only 
finish the holes instead of reaming. In some cases with broaches for 
soft metal bearings and even in cast iron, the large end is left plain 
and a trifling amount larger than the last tooth. It then actsasa 
burnisher and compresses the metal. This requires a large amount 
of power. 

In broaching round holes in cast iron, the broach was made from 
©,0002 to 0,0003 inch larger than the nominal size and the land was 
0.012 as shown. ‘The holes were drilled close to size so as to leave 
very little work for the broach. In this case about 0.002 inch was 
“left for broaching. 

: 
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The comparison between broaching and reaming in this case is 
interesting. The reamers would wear appreciably below size in 25 
holes while one broach finished 5000 holes to size. 


It 
4 Broach 
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TO SAVE TIME IN BROACHING OUT SQUARE HOLES 


The fit of the gears on a square shaft depends almost entirely 
on the flat surfaces at or near the corners. With this in mind, it is an 
economy to bore or drill the round hole in the gear slightly larger than 
the diameter across the flats of the squared shaft, as shown in Fig. 6. 

Taking a 14-inch 
square shaft and bor- 
ing the hole -; inch 
larger or 14°; inches in 
diameter, we see in 
the illustration exact- 
ly what this would 
mean. The amount 
of metal to be cut out 
would be materially 
reduced, the portion 
A to B not being 
touched by the broach 
in any way. Yet the 
remaining surface in 
the corners would be ample to carry all the load of the gears at work, 
and the clearance A to B would allow the best of lubrication. 

The center relief, as shown, gives considerable added chip space as 
well as reduces the amount of chip, thus allowing a heavier chip per 
tooth. This may either reduce the length of the broach or allow a 
longer hole (such as two gears at once) to be broached with the same 
length of broach. 

The set of 7 broaches shown in Fig. 7 show the practice of the 
Brown & Sharpe Mfg. Co. in making automobile transmission gears. 
The gears are of a tough alloy steel making the 7 necessary to secure 
an accurate hole of 1} inches across the flats. Each broach is 303 
inches long, the cutting portion being only 173 inches. The method 
of holding the shank can be readily seen. 


Z 


276 


BROACHES AND BROACHING 


yororg J ‘ONT 
7, £00°0 Osvaxouy 
yoroig 9 *ON 
//800°0 AsvoroUuy 
youorg g "ON 


--71.544 1,478 1.412 aa 


1.546 1481 1.415 


(1,552 1,490 1.424 


71.5635 1.508 1,442 


gue 1,511 1.445 
° 
61.5665 1.514 1.448 


S 
1.5695 1.520 1.454 


1.571 1.528 1.457 \ 
1.5725 1.526 1.460 l 


4 
i~] 
° 
5 
oO 
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& 


i 


3 
$ 1.5745 1.541 1.475 
-Y 4.5745 1,544 1.478 


j1.548 1.484 1,418 N 
1.550 1.487 1.421 i 


11,554 1,493 1.427 § 
1.556 1.496 1.480 { 
T5658 1.499 1,433 § 
1.560 1.502 1.436 § 
“kY562 1,505 1.439 & 


¢] 1568 1.517 1.451 (J 


| 1.5735 1,529 1.463 f 

1.5745 1.582 1.466 f 
3 1.5745 1.535 1.469 F 
6 1,5745 1.588 1.472 f 


1, SC00"0 PSvOIOUT 
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7 1.3695 1.828 1.2875 1.263 
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1 1.3745 1.927 1.2905 1.265 ¢—— 
) 1.877 1.329 1.292 1.266 4 
) 1.3795 1.381 1.2985 1.267 4 
1.882 1.888 1.295 1.268 


} 1.8995 1.347 1.8055 1.275 
7 1.402 1.349 1.307 1.2766 
} 1.4045 1.351 1.8085 1.277 
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1.4095 1.855 1.8115 1.279 § 
1,412 1.357 1.318 1.280 
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SIX-SPLINE FITTINGS 


6 Spline Fittings 


Permanent Fit 


6-SPLINE FITTINGS FOR AUTOMOBILES 


To Slide when not 
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From sixth Report of Broaches Division S.A.E. Accepted at 
Meeting of Society, January, 1914 


s 

Er D at eo TED aa Ute ile Tl eae (eee ee 
ye samy pe) lS ae) sae) 
3 874 .787| .218| 79%). 874] .743] .218| 759 874 -699| .218 gos 
Mitch tod sgl cool emeah ash cools araaleasel 7 
Sie sh roid cata) 29) x rac] moose) catol t 9) wreaal tiogkicame|| A 
oo oa Mery ace | ON MEL cy |e ate le 
ni | £374] 1257] 343] 299] xa7a| 268) [343] 395) r3ra] 000] “s4s| 57° 
14) F400] 42349] 373/92) x400| x27] “374 495) xgo0] x20] 375) 8 
HE ez in aeal caocl 2741 x¢zel 98] -tos| SE) eaal nepal acs] 0773 
8] Ho] xaza| star] 49] xetso| a87] <437| 7] 749] x00] “as7| 827 
2 | 2S08| 1708] _298| 57] £998] 1.608] 298} 893] 908] #-s08| 40s] 708° 
ab | 2253] s.o2s| “g6s] 724] aiaas| noes] ses] 1°54] a-a48] 1-700] soe] 1367 
24 | 3$58| 2.248] .625| 897] a-a08| 2123| -625| 739] a-ag5| s-o08| -o25| 7688 
3 | 3'08| 2.0081 “748 %283]| 2.008! 2'sa8 738) 1873} 2908] 2.308| 748) 243° 


T = 1000 X 6 (No. of Splines) X Mean Radius X hk X 1 = inch-pounds torque 


capacity per inch bearing length at rooo I 


splines. No allowance is made for radii on corners nor for clearances. 


bs. pressure per square inch on sides of 
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10 Spline Fittings 


I0-SPLINE FITTINGS FOR AUTOMOBILES 


From Sixth Report of Broaches Division S.A.E. Accepted at 
Meeting of Society, January, ro14 


7 


rE D ad) DL Te hw. d |j-w | 7 
6.3 
ZA / 
2% | 
3 -750} .683) .117 yea} -75° .645) .I17 : 
-749| .682| .116 “l) +740! .644) .116 
z| 875} -796} -137;  y65| -875| +753) 137/449] -875] -709] -137 
I .874|  .705] .136 | 874) 1752] .136 4] =. 
a 1,000] .gro! .156 ais 1.000} .860} .156 326 1.000} .810} .156 
+999} .909} .155 | 990] -859} -155| * 
r}| 2125} 1.024 .170 a7x| 1.125} .968) .176 4t2 1.125] .orr| .176 
5} 1.124] 1.023} .175] “‘"|| 1.124] .067) .175 1.124] .910] .175 
1.250] 1.138} .105 | 1.250} 1.075) .105 1.250] 1.013} .195 
1} 1.240) 1.137} -104 336 1.240} 1.074} .104 508 1.249} 1.012] .194 
2 1.375] 1.251} .215 06| 1-375 1.183] .215 : 
1.374] 1.250] .214| 4°) x.374) 1.182] 1214 1.374| T.113] .214 
1} 1.500] 1.365} .234 483 T.500} 1.290) .234 J 
1.400) 1.364} .233 | I.409} 1.289) .233 1.499} 1.214] .233 
rH 1.625} 1.479} .254 566 1.625] 1.308] .254 
1.624} 1.478} .253 1.624] 1.307| .253 1.624] 1.315} .253 
12 | 1-759] 1-503] .273| g<g| 1-750] 1-505] .273 997} 1759] 1.418) .273 
1.749} 1.502] .272 | 1.749] 1.504] .272 1.749} 1.417! .272 
m 2.000} 1.820} .312 $60 | 2-000] 1.720) .3T2| ,,.,,| 2.000) 1.620} .312 
1.998} 1.818} .310 i} 1.998} 1.718] .310 3 1.998} 1.618} .310 
2.250) 2.048) .351 | 2.250] 1.035} .35% 2.250) 1.823) .351 
2t 2.248] 2.046) .340 7086 2.248) 1.933) .340 1647 2.248} 1.821} .340 
2.500} 2.275] .390 | 2.500] 2.150! .390 
2} 2.498] 2.273} .388) 7343) 2.498] 2.148 “388 2034) 2.4098] 2.023| .388 
3.000] 2.730] .468 || 3.000] 2.580} .4) 3.000) y 
3 2.998] 2.728) .466 1934) 2.908) 2.578} .466 any, 2.908) 2.428) .466 


T = 1000 X 10 (No. of Splines) X Mean Radius X 4 X 1 = inch-pounds torque 
capacity i inch bearing length at rooo Ibs. pressure = square inch on sides of 
or 


Splines. 


© allowance is made for radii on corners nor 


clearances. 


BOLTS, NUTS AND SCREWS 


U. S. STANDARD BOLTS AND NUTS 


THE U.S. Standard for bolts, nuts, etc., called also Sellers’ Stand- 
ard, Franklin Institute Standard, and American Standard, was recom- 
mended in 1864 by the Franklin Institute for general adoption by 
engineers. (See Note). 


StrENGTH OF U.S. STANDARD Bots From } TO 3” DIAMETER 


Bolt Areas Tensile Strength Shearing Strength 
he Ee] ray a kK 
2 |B 3 | 4 a a Full Bolt |Bottom of Thread 
53 & | 2 12 |4 ge; ee lee we 
Gel S| 2] 8] 22) | 2) be] a3] 
#38 a/3| 28 2] | 3%] 28) 28) Sh) 28 
& 2] = < 

420 | .o49} .027]/ 270] 340] 470! 380} 490] 200] 270 
Te|t8 | 077] 045] 450) 570) 790] 580) 770] 340) 450 
3 |16 | .rr0] .068)* 680] 850] 1,190] 830] 1,100] 510) 680 
qs|t4 | .150} .093] 930] 1,170] 1,630] 1,130] 1,500] 700] 930 
4 (13 | .196] .126] 1,260] 1,570] 2,200] 1,470] 1,960} g4o} 1,260 
s|t2 | .248] .162] 1,620] 2,030] 2,840] 1,860] 2,480] 1,220] 1,620 
B|II | .307| .202| 2,020] 2,520] 3,530] 2,300] 3,070] 1,510] 2,020 
3 l10 | .442| .302] 3,020] 3,770] 5,290] 3,310] 4,420] 2,270] 3,020 
$| 9 | .6or] .419} 4,190] 5,240] 7,340] 4,510] 6,010] 3,150] 4,190 
r | 8 | .785} .551] 5,510] 6,890} 9,640] 5,890] 7,850] 4,130] 5,510 
1$| 7 | .994| -693] 6,930] 8,660)12,130] 7,450] 9,940] 5,200] 6,930 
Id] 7 |1.227] 890] 8,890]11,120|15,570} 9,200|12,270| 6,670] 8,900 
1%] 6 |1.485}1.054/10,5 40]13 ,180]18,450]11,140|14,850] 7,910/10,540 
I$] 6 |1.767|1.294]12,940]16,170]22 640/13 ,250|17,670| 9,700]12,940 
18 | 53]2.074/1.515|15,150|18,940/26,5 1015 ,550|20,740|11,360]15,150 
T$| 5 |2.405|1.745/17,450|21 S00] 30,520|18,040]24 050/13 ,080]17,440 
1$| 5 |2-761|2.049|20,490|25 610] 35 ,860|20,710|27,610|15 ,370|20,490 
2 | 44! .142/2.300|23 000/28,750|40,250|23,560|3T ,420|1'7,250|23,000 
24| 4313.976|3.021|30,210|37,770|52,870|29,820| 39,760|22 660] 30,210 
2! 4 |4.909/3.716]37,160146,450165 040/36 ,820/49 090127 ,870]37,160 
231 4 |5.940]4.620]46,200|57,750|80,840/44,580 59,400]34 ,650|46,200 
3_| 3417.069]5.428]54,280|67,850!194 99015 3,020|70,690|40,710|54,280 


Nore. — The distance between parallel sides of the bolt head and nut for a rough 
bolt is one and one-half diameters of the bolt plus one-eighth of aninch. The thickness 
of the head in this system fora rough bolt is equal to one-half the distance between its 
parallel sides. The thickness of the nut is equal to the diameter of the bolt. It 
was originally recommended in this system that the thickness of the head for a 
finished bolt be equal to the thickness of the nut, and that the distance between the 
parallel sides of a bolt head and nut and the thickness of the nut be one-sixteenth 
inch less for finished parts than for rough. However, it is the practice of bolt and 
nut manufacturers to make finished U. S. nuts to the same dimensions as established 
for rough ones, and where finished heads are required to the U. S. Standard they are 
customarily made to the same dimensions as rough heads unless otherwise specified. 
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Rough F a 

Heads and Nuts 2 3 

B=A x 1.155. C=Ax 1.414 Aa 3 

a / 
U. S. StaAnDARD Botts AND Nuts 
ROUGH 
Across Corners THICKNESS 
Dia. of |Threads| Across Depth of 
Bolt |per Inch} Flats Thread 
Nut 

t 20 4 t 0325 
ts | 18 2 vs 0361 
2 16 ik 2 0406 
vs | 14 32 Ts 0464 
7 13 g 4 0500 
vs | 12 Hu v6 S44 
g Ir tps § 0590 
2 10 1} i 0650 
3 9 175 4 10722 
I 8 if I 0812 
1} 7 1+ It 0928 
1} 7 2 1} 0928 
13 6 25 13 1083 
13 6 23 1} 1083 
1} 5 2} 1} 1300 
2 43 | 3% 2 1444 
2} 4k | 33 2} 1444 
a | 4 | 3% 2} | 1625 
2} 4 | 44 2} +1625 
3 33 | 48 3 1857 


Note. — U.S. Government Standard Bolts and Nuts are made to 
above U.S. or Sellers’ Standard Rough Dimensions. The sizes of 
finished bolt heads and nuts are the same as the sizes of the rough 
ones, that is for finished work the forgings must be larger than for 
rough, thus the same wrench may be used on both black and finished 
heads and nuts. 


U. 0. SLAUNDUANIY DULIO MUNI INULDS 


401 


Finished 
Heads and Nuts 


ee 


WN ee 


cee 


ee 


See Note 


U.S. SranparpD Bors AND Nuts.— FINISHED HEADS AND NUTS 


FINISHED HEADS AND NUTS 


SEE Note os “ > 
= 3 3 6 |48ee 
See wee 4 P| 213 [esea 
3 3 5 o mA = a ee NEI eS 
fa = ie) ca ue 7 6 wy |seee 
Sh Be eres |) Gost as eee 
BO leas | Gg ane bree | eee glee 
4 i * qs | -185 I9I | .0063 | .0260 260 
Ts iy a9 4 -2408| .246 | 0069] .0452 452 
3 g 33 | xe | -2938| 2% | .0078| 0677) 677 
vs | 32 | @ | & | 3447) 8% | 0089] .0932| 932 
$ 46 | te | we | -400r}) $% | 0096] .1257) 1257 
is $3 Igy 4 4542 43 | 104} .1620] 1620 
I Ivy zs 5069] 8 | org] .2018/ 2018 
2 15 |_I8t 44 6201 R .0124 | .3020] 3020 
$ | 18 | 133 | 46 | -7307] #4 | 0130] -4194) 4194 
i ts | 16 | te | 8376| Ff | 0156] .5509| 5509 
1g TE | 2¢¢ | ts | 9304} $4 | 0179 | -6930] 6930 
Tig 1}3 243 1z3; |1.0644|] Is | .0179 | -8890| 8890 
1% 2k 22% | ips |r-1585] gk | .0208 | 1.054 | ro54o 
14 ay, | 248 Izy |1-2835] 1d | .0208 | 1.293 | 12930 
x | att | ace | ath [r-gooz} 18% | 0250] r-744 | 17440 
2 375 | 334 14 |r.7113| 13% | .0278 | 2.3 23000 
24 3re | 334 | 23 |1.9613! 134 | .0278 | 3.021 | 30270 
2k 3k 443 az 2.1752] 275 | .0313 | 3-714 | 37140 
22 45 | 43 244 |2.4252| 27's | .0313 | 4.618 | 46180 
3 4r5 | Sax | 2t8 |2-6288| 28% | .0357 | 5-427 | 54270 


Nore. —It should be noted that while the second, third and fourth columns 
of this table give the dimensions of finished bolt heads and nuts as originally recom- 
mended in this system, it is customary for bolt and nut manufacturers to make 
finished U. S. nuts to the same dimensions as established for rough ones and where 
finished bolt heads are required to the U. S. Standard they are customarily made 
to the same dimensions as rough heads except when otherwise specified. 
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—WNuts supplied by different makers for manufacturers 


Note 


standard bolts vary somewhat as regards thickness. 
nut sizes are Hoopes and Townsend Standard. 
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MACcHINE ScREWS. AMERICAN SCREW COMPANY 


Frat Heap Rounp HEap 
No. A 
B Cc E ¥ B (e E Fr 

2 | 0842 | .1631 | .0454 | .030] .or5r | .1544 | .0672 | .030] .0403 
3 | 0973 | -1894 | .0530 | .032]| .0177 | .1786 | .0746 | .032| .0448 
4 | .t105 | .2158 | .o605 | .034| .0202 | .2028 | .o820 | .034| .0492 
5 | -1236 | .2421 | 0681 | .036] .0227 | .2270 | .0894 | .036] .0536 
6 | .1368 | .2684 | .0757 | .039| .0252 | .2512 | .0g68 | .039| .o580 
7 | .1§00 | .2947 | .0832 | .041| .0277 | .2754 | .1042 | .o41 | .0625 
8 | .1631 | .3210 | .og08 | .043| .0303 | .2996 | .1116 | .043| .0670 
9 | .1763 | .3474 | -0984 | .045| .0328 | .3238 | .1190 | .045] .0714 
10 | .1894 | .3737 | -1059 | .048| .0353 | .3480 | .1264 | .048] .0758 
12 | .2158 | .4263 | .1210 | .052| .0403 | .3922 | .1412 | .052]| .0847 
14 | .2421 | .4790 | .1362 | 057] .0454 | -4364 | .1560 | .057]| .0936 
16 | .2684 | .5316 | .1513 | .061| .o504 | .4806 | .1708 | .o61| .1024 
18 | .2947 | .5842 | .1665 | .066| .0555 | .5248 | .1856 | 066] .1114 
20 | .3210 | .6368 | .1816 | .070| .o605 | .5690 | .2004 | .070} .1202 
22 | .3474 | .6895 | .1967 | .075 | .0656 | .6106 | .2152 | .075} .1291 
24 | .3737 | .7421 | .2118 | .079| .0706 | .6522 | .2300 | .079 | .1380 
26 | .4000 | .7421 | .1967 | .084| .0656 | .6938 | 2448 | .084] .1469 
28 | .4263 | .7948 | .2118 | .088 | .0706 } .7354 | .2596 | .088] .1558 
30 | -4526 | 8474 | .2270 | .093 | .0757 | .7770 | .2744 | .093]| .1646 


Dimensions given are maximum, the 
tions being below them. 


necessary working varia- 
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MacuinE ScREWS. AMERICAN SCREW COMPANY 
Fivuister HEAD 
No. A ret 
B Cc D E | F 

2 0842 1350 | .0549 | .0126| .030 | .0338 0675 
G3 0973 +1561 | .0634 | .o146 | .032 | .0390 0780 
4 I1O5 +1772 | .0720 | .0166| .034 | .0443 0886 
8 1236 1984 | .0806 | .0186 | .036 | .0496 0992 
6 1368 +2195 | .0892 | .0205 | .039 | .0549 -1097 
7 1500 .2406 | .0978 | .0225 | .o41 | .0602 1203 
8 1631 2617 1063 } .0245 | .043 | .0654 1308 
9 1763 2828 | .1149 } .0265 | .045 | .0707 T4I4 
10 1894 3040 | .1235 | .0285 | .048 | .0760 1520 
12 2158 3462 | .1407 | .0324 | .052 | .0866 1731 
14 2421 3884 | .1578 | .0364 | .057 | .0971 1942 
16 2684 4307 | -1750 | .0403 | .o61 | .1077 2153 
18 2047 -4729 | -1921 | .0443 | .066 | .1182 2364 
20 3210 5152 | .2093 | .0483 | .070 | .1288 2576 
22 3474 5574 | .2267 | .0520] .075 | .1384 2787 
24 "| 3737 5996 | .2436 | .0562 | .079 | -1499 2998 
26 4000 -6419 | .2608 | .o601 | .084 | .1605 3209 
28 4263 -6841 | .2779 | .0641 | .088 | .1710 3420 
30 4526 -7264 | .2951 | .o681 | .093 | .1816 3632 
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AMERICAN ScREW Company. _ STANDARD THREADS PER INCH 


No. 2 3 4 5 6 M4 8 9 ] 10 12 
Threads 43 48 2,36 SOT Baga] 32:1 oa, 30, 20 
Inch Be 6 3 4 32 2 | 32 2 24 
per Inc 64 5 4 56 3 i 36 3 Z 
No. 14 16 | 18 20 22 24 26 28 30 
Ares 18 14 
a BSE 20 = 18, 16,18 16 14,16 
neh a4 fo) 18 


A.S.M.E. STANDARD PROPORTIONS OF MACHINE SCREWS 


Tue diagram and tables herewith show the proportions of machine 
screws as recommended by the committee of the American Society 
of Mechanical Engineers on Standard Proportions for Machine 
Screws, the report of this committee being adopted by the Society 
at its spring meeting, 1907. 

The included angle is 60 degrees, and the flat at top and bottom 
of thread is one eighth of the pitch for the basic or standard diam- 
eter. ‘There is a uniform increment of 0.013 inch, between all sizes 
from 0.06 to 0.19 (numbers o to 10 in the tables which follow) and 
of 0.026 inch in the remaining sizes. This change has been made 
in the interest of simplicity and because the resulting pitch diameters 
are more nearly in accord with the pitch diameters of screws in pres- 
ent use. 

The pitches are a function of the diameter as expressed by the 
formula 6 

Threads per inch De oor 


with the results given approximately, so as to avoid the use of frac- 
tional threads, 

The diagram shows the various sizes for both 16 and 72 threads 
per inch, and shows, among other things, the allowable difference in 
the flat surface, between the maximum tap and the minimum screw, 
this variation being from one-eighth to one sixteenth. 

The minimum tap conforms to the basic standard in all respects, 
except diameter. The difference between the minimum tap and 
the maximum screw provides an allowance for error in pitch and 
for wear of tap in service. 

The form of tap thread shown is recommended as being stronger 
and more serviceable than the so-called V-thread, but as some 
believe a strict adherence to the form shown might add to the cost of 
small taps, they have decided that taps having the correct angle 
and pitch diameter are permissible even with the V-thread. This 
will allow a large proportion of the taps now in stock to be utilized. 

The tables given by the committee were combined into the present 
compact form by the Corbin Screw Corporation. 
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TAPS FOR A. S. M, E. SPECIAL SCREWS 
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PROPORTIONS OF MACHINE SCREW HEADS 
A. S. M. E. Standard 


Tue four standard heads are given herewith. These proportions 
are based on and include the diameter of the screw, diameter of the 
head, thickness of head, width and depth of slot, radius for round 
and fillister heads, and included angle of the flat-head screw. 


OVAL FILLISTER HEAD MACHINE Screws. A. S. M. E. STANDARD 


OVAL FILLISTER HEAD SCREWS —Dr— 


= Diameter of Body. 

= 1.644 — .oo9 = Diam. of Head and 
Rad. for Oval 

0.66A — .oo2 = Hight of Side 

= .173A + .015 

E = 4F = Depth of Slot 

F = .134B + C = Hight of Head. 


yvQ we 
I| 


A B Cc {laa E F 
060 0894 0376 / 025 025 0496 
073 1107 0461 | .028 030 0609 
086 132 0548 £030 036 0725 
099 153 0633 032 042 0838 
112 1747 0719 034 048 0953 
125 196 0805 037 053 1068 
138 217 089 039 059 1180 
I5i 2386 0976 O41 005 1296 
164 2599 1062 2043 O71 1410 
177 2813 1148 046 076 1524 
190 3026 1234 048 082 1639 
216 3452 1405 052 093 1868 
242 3879 1577 237 Z05 2007 
268 4.305 1748 061 116 2325 
294 4731 192 066 128 2554 
320 5158 2092 070 140 2783 
346 5584 2263 075 150 3011 
372 I 2435 079 162 3240 
398 6437 2606 084 173 3469 


FLAT FILLISTER HEAD MACHINE SCREWS 2097 


Fiat FILtisTER HEAD MACHINE ScrEws. A.S. M. E. STANDARD 


FLAT FILLISTER HEAD SCREWS | ' 
i 


I 


Diameter of Body 

1.644 — .cog = Diam. of Head. 
0.66A — .0o2 = Hight of Head 
= 0.173A + .o15 = Width of Slot 
= 4C = Depth of Slot 


ll 


A 
B 
Cc 
D 
E 


A B Cc D E 
060 0894 0376 025 019 
073 L107 0461 028 023 
086 132 0548 030 027 
099 +153 0633 032 .032 
+112 1747 0719 034 036 
125 196- 0805 037 .040 

138 217 0890 039 044 
151 2386 0976 O41 049 
164 +2599 -1062 043 053 
177 2813 1148 046 057 
-190 3026 1234 048 062 
216 +3452 +1405 052 070 
1242 3879 1577 257 279 
268 4305 1748 O61 087 
294 4731 1920 066 096 
+320 «5158 +2092 070 +104 
346 5584 2263 O75 113 
372 601 2435 079 122 
398 6437 .2606 084 +130 
424 6863 2778 088 -139 
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Frat Heap MACHINE SCREWS. 


FLAT HEAD SCREWS 


A = Diameter of Body 
B = 2A — .008 = Diam. of Head 


C= morass 5 Depth of Head 
1.739 
D = .173A + .o15 = Width of Slot 


E = 3C = Depth of Slot 


A. S. M, E, Sranparp 


A B c | D | E 
060 WIZ 029 025 | ro 
073 138 037 028 | .O12 
086 164 O45 030 | Gest 
099 190 052 .032 O17 
L12 216 060 034 020 
+125 +242 067 037 022 

138 202 O75 039 025 

151 +204 .082 .O4t 027 
164 320 ogo 043 030 
177 +346 097 046 032 
190 +372 TOS 048 035 
216 424 +120 052 040 
242 472 +135 057 1045 
268 +528 150 061 050 
294 580 164 .066 O55 
+320 632 179 070 060 
+346 -682 194 075 065 
372 +732 209 079 070 
3098 788 224 084 075 
424 840 +239 088 
450 8o2 254 093 085 

= —— — ————————————) 
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RounD HEAD MAcHINE Screws, A. S. M. E. STANDARD 


ROUND HEAD SCREWS 


A = Diameter of Body 
B = 1.85A — .005 = Diam. of Head 


Ay S| 
a 
i: 


| 
ce 
| 
| 
Us 


i 
| 
| 
i 
ES 
Hl 
ol 
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C =.7A = Hight of Head a 

D = .173A + .o15 = Width of Slot 

E = 43C + .or = Depth of Slot 
A B E 
060 106 031 
073 130 1035 
.086 154 .040 
099 178 044 
+112 +202 .049 
125 226 053 
138 250 058 
-I5I +274 062 
164 298 .067 
177 +322 O71 
«190 +346 076 
216 +394 085 
+242 443 .094. 
268 491 103 
204 +539 Ir2 
-320 587 224 O70 122 
346 635 .242 075 131 
372 683 -260 079 I40 
398 731 27 O84 149 
424 779 296 088 158 
+450 827 3315 093 167 
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Hot PRESSED AND CoLpD PuNCcHED Nuts 


U.S. GA LEM fea el ang ano) Corp Puncuep CHECK AND Jan Nuts 
HEXAGON AND SQUARE HEXAGON 
Dia. | Across | Thick- Dia. Dia. Across Thick- Dia. 
Bolt Flats ness Hole Bolt Flats ness Hole 
— 
t 3 4 ts + 4 is at 
ts | 33 | vs + 1s i 3a 4 
oe ae a Sa ae a 
4 i 4 $3 4 i ts 34 
el ul el eee] Bl BP] de 
Plas] Fl BT P| os il 
i 1} a g i 1} 1s § 
$ 115 $ HH g 11's 4 Hi 
I 18 I % I rf vs $4 
rt 143 | 1 sr rf 14 g 1 
I 2 1} Is I 2 4 Iy5 
1% ays | x8 Izy 18 ays ts I3'3 
1} 2% 1} 199 1} 2 4 I3z 
1f avs | 18 gt 1g 2y5 +8 18 ' 
1} 2} rf 1} 13 2% I 1 
14 243 1 1g 1% 2h} su rf 
2 3 2 15% 2 38 I 1$4 


Finished case-hardened and semi-finished nuts are made to the 
above dimensions. Semi-finished nuts are tapped and faced true 
on the bottom. 


HOT PRESSED NUTS 3or 


La CS 


Hot Pressep Nuts 


Hor Pressep Nuts, MANUFACTURERS /Hort PREssED AND Forcep Nuts, MANUFAC- 
STANDARD TURERS STANDARD 
HEXAGON SQUARE 
Dia. | Across | Thick- Dia. Dia. Across Thick- Dia. 
Bolt Flats ness Hole Bolt Flats ness Hole 
pat a we ly ee eo es 
Ts g Ys 33 Ts § ts Ba 
§ i g 33 3 i a 32 
16 $ 1 #3 1s g Ts a 
2 I b 13 3 I 4 1s 
ts | 18 16 3 1 1g 16 by 
8 1} 8 To 8 1} q 1 
i 13 i 3a i 1 i $3 
5 18 $ x3 $ 1} $ $2 
I 1Z I i I 2 I $ 
4 2 1h $4 1 24 It 3a 
1} 2} 1% Izy 1} 2h 14 135 
12 24 14 1335 13 2% 12 175 
1} at 1g 175 1} 3 13 1y5 
1g 3 rf 175 rf 3 18 Irs 
1} 3t | 1 1¥5 1} 3 1} 1s 
rf 34 | 2 143 1g 3i rf 14 
2 34 2 144 2 4 2 142 
2% Stas 1% 23 4 2$ 1g 
at 3} 2} 2 24 44 24 2 
at | 4 | 28 | 2b | 28 at | 28 ak 
2h 4t | 23 24 2k 43 2k 2} 
2t | 4s 2} 215 2} 4t 2} 2's 
3 Ae AN 3 ats || 3 5 3 att 
3t 5 3t 218 3t 5 3t ate 
3 Se a 3k 38 3h 3h 38 
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ceoamal? oof of oot oka  emtmncenncpsioolot? atoning 


HEXAGON SQUARE 
Dia. | Across | Thick- Dia. Dia. Across Thick- Dia. 
Bolt Flats ness Hole Bolt Flats ness Hole 
ed REST a Ta SG 

6 3 
PPP Ay UPA] Gd a 

T 
r g 3 Md 4 $ $ 
3 I 3 1s 4 I 4 
3 I 1s 1s te rt rs 
ys | 1d Ts $ 8 tf g 
g 1} g 1s g 1} g 
g 1} : 18 i rf z 
§ 1} i zt i 1} i 
Fy 1% 3 3 t 1} s 
re 18 $ 4 g 18 $ 
i 14 i $4 $ 1} $ 
OAS ae Oe pee ee fo | 
4 14 § HI I 2 I 
i 13 I $ 1} 2 rt 

1g $ $ 1% 2} 1% 

{ 1% I H 1} 24 1} I 
I 1} I 1} 24 14 I 
I 13 1} i 12 2} ba) I 
14 2 1} Si 1} 3 rh I 
1} ay A a Izy || 18 3t 18 I 
1% 2k | 14 tyg |} tt 3h 1} I 
ry | of [ok | ore | oad 3t | 38 r 
18 3 1} Ty5 2 4 2 I 
1} 34 1g ¥ 

rf 34 | 2 t 

2 34 2 

2 2k 
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:a ees 


Hor Pressep Nuts. MANUFACrURERS STANDARD Narrow GAGE SIZES 


HEXAGON SQUARE 
Dia. Across | Thick- Dia. Dia. Across | Thick- Dia. 
Bolt Flats ness Hole Bolt Flats ness Hole 
3 a3 ve ds 
Ye 43 vy we 
cs AB ao az 
te 18 ay ao 
3 ts 3 $4 3 1 s 6k 
ie a8 Ye ah io 43 ro 63 
3 t 4 Ye 2 Hy 3 Ye 
te I Ts $ 16 I ry t 
& 1 } t ve H 1% s 16 
+ a ie 4h i Is t gh 
t 1} $ ah $ 1 $ aa 
I Ig I t I 1} I 4 
1k 2 If 32 1s 2 1 BES 
1} 2} 1} Id It 2t 1t Iq's 
1% 24 1} Tru 13 23 1} Ire 
1} 2 1} rr 1p 23 1} 11s 


Dimensions or WaHiItwortH STANDARD HExaconaL Nuts AND BoLtt—-HEaps 


. Width of . A Width of . 
rE pi ie Bolt Se a Die Byles Bolt pers 
ead across ead across 
Bolt Flats Bolt Head Bolt Flats Bolt Head 
t 338 109 1} 2.048 1.004 
Ys -448 -164 bey 2.215 1.203 
4 “525 .219 Iq 2.413 1.312 
ts -601 273 1% 2.576 1.422 
% -709 +328 1 2.758 1.531 
vs .820 383 1% 3.018 1.641 
3 -99 +437 2 3-140 1.750 
te I.O11 +492 2k 3.337 1.859 
$ I.10r “547 2k 3-546 1.969 
Py 1.201 .601 2} 3-750 2.078 
Z 1.301 -656 2} 3.804 2.187 
i 1.390 +711 at 4.049 2.207 
Fi 1.479 -766 2 4.181 2.406 
1h 1.574 .820 2t 4.346 2.516 
I 1.670 875 3 4.531 2.625 
rt 1.860 084 4 
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Button Heap MAcHINE AND Loom Botts 
Hooves & TownsEND Co. 


Diameter Bolt...) %5| 4 | ys] 8 | rw] 2 | we] ¢ | ¢ | | 2 
Diameter Head.| 2 | $ | 1$/4e]trs| ts |tes|ts [1 | 1g | 23 
Thickness of 
f u 5 1 1 f 3 5 3 
Head. ....5.- owe |eelae) 2 | + lye | tile ee fee 
| 
CARRIAGE BoLts 
Urson Nur Co, 
Diameter Bolt. . 15 t | ty 3 fs) 4 Ys| ¢ i Sas 
Diameter Head.| 15 | 5 | 18 | £8 3 try | Ire | tre | ifs | 18 | 21s 
Thickness of 
§ a if 3 1 g 5 3 7 1 
esc ae ex |@ |aslte| earl 2 az| re| # 1e| 2 


LENGTHS OF BOLTS 


Square Heap, Hexagon Head, Button Head, Round Head and 
Cone Head bolts are measured under the head. Countersunk 
Head bolts, bolt ends and rods are measured over all. 


LeNncTHS or THREADS CuT ON Botts 


| 
Length of Bolts | }& yu | 2 & yu | & § i 


i 2. || Tess 
£. to. 1nd” 2 z I St Said a Gi eee 
zi to ‘2 * 4 I I mr | 4] 3} .. 
24 to. 24” I I I rt | ry | rH] re | 
2§to 3” I I 1 re | rh | re ]2 | 2d 
ge to 4”. I 1} 14 14 | 14 | 13 | 2 24 | 2} 
4¢to 8”. I 1} 1} 14 | 12 | 2 Sh) 2% |i 
84 tora”. I 1} 14 ii | 2 24 | 24 | 3 | 34 
124 to 20 ” I 1¢ 2 2 2 | 2413 | 33 | 34 


Bolts longer than 20 inches and larger than 1} inch in diameter 
are usually threaded about 3 times the diameter of the rod. 
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[eat) [at 


Round AND SQUARE COUNTERSUNK HEAD Botts 


Wiameter Bolte. ate Fi) Sil se] EF] EB] Sg] 2 
Diameter Round Head ....) 4 |43/44]33) $ | 84 |xgelrd [rye] 13 
Distance across Flats Square 

IStUdle ae Be carrie $3 441 43] F | 33 [relat [x5] 28 
Thickness Square and 

Round Heads ........ ts |asia>} 4) 4 |s2] os] $4) $81 
rameter Bolts c-..dsie.ce:cicpnce ties} Blase] 4) $/d)1 
No. of Threads per Inch ...} 20] 18} 16}14]13]12]11|10| 9 | 8 
Across Flats Hex.and Square 

legdsh eso ae tele 8/33] as] 33| £.) SF] FB) xk las] 33 
Across Corners Hex. Head .| 7% | 3% | #5 | # | 33) $4]xc/192/138/133 
Across Corners Square Head] $4 | 34 | 4 | 43 |ra4s]1985|1 34/139) 122] 2 
Thickness Hex. and Square 

18 Foe (SERRE fs| tas) lee] 4) HE) ELS 


Stove Bott DIAMETERS AND THREADS 


<ul [a 


DV. FOF Bolts einitieataite nici 4 |e: | ts | se] 4 | oe] # 


No. of Threads per Inch...| 32 | 28 | 24 | 22 | 18 | 18 |] 16 
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B. Refers to all Nuts 60 DX 1.5 Length of Thread 
and Screw Heads. : P=Pitch of Thread 
= Dia. Cotter Pi , fe 
a= Dia a a Peviat 


All heads and nuts to be semi-finished. All screws to be of steel 
not less than 100,000 pounds tensile strength and 60,000 pounds 
elastic limit per square inch. Screws, screw heads and plain nuts 
to be left soft. Castle nuts to be case-hardened. Where screws 
are to be used in soft material such as cast iron, brass, bronze or 
aluminum, the U. S. S. pitches are to be used. Body diameter to 
be o.cor inch less than nominal diameter with a plus tolerance of 
zero and a minus tolerance of 0.002 inch. Nuts shall fit without 
perceptible shake. 


AUTOMOBILE SCREW AND Nut STANDARDS ADOPTED BY THE A.L.A.M. 


DD} tj} ] 3 

blab | oa lie 
Ajx |i] Hi 
ajlsxs| it] # 
Birs| +) % 
Cy] ss] ss] t 

E| | &| t 

H| ¥s | 

I} ss} ee} t 

K | ve | vs | vs 
dj wei ts | ss 
L/] 3 |] tf 


| 
| 
. 
| 


BOLTS AND NUTS 


PLANER Nuts 


SOF 


Diameter of Bolt ..... | 4 #14) 1}214/14 

No. of Threads per Inch} 13| 11} 10] 9 | 8| 7 | 7 

Acrossi@lats G35). Site c! & |rps| 14 |1q5| 13 |x48)2 

“Thickness tesretee 2. -1 > - 4% ot | rk | tps tye) 1F leds 

f i 
Courtine Boits 
j 

PPIAROLEL(OLU BOE Ven rele cn etk daw tad city a ae abe abe. 
No. of Threads per Inch.........:... £3, )a1 | Toy oO) oo) 7 [e7 
Short Diameter of Head ............. £ |rps| 14 |1ys| 15 248] 2 
Peng Ofblead 27. 13. Ses eee? eee 412) 214%) |e) 1t 
eebickuess: of ME 7: os. Sisto oe ndaaed 412)2)4%) 2 | 14}04 
SnortsDiameter of Nut 552... 42 sabe & |xps| 14 |ty5| 13 |148] 2 


PLANER HEAD Botts AND NUTS 


SH 


fm Diameter of Bolt ...-......- 4 fs 2 

» No. of Threads per Inch...... 12 12 12 

_ Short Diameter of Head ...... rs I 1 

m Length of Headi:......5.--.4 ts 2 
Short Diameter of Nuts....... 1} 1% 1} 

' Thickness of Nuts............ Fs F 
Washers for Planer Head Bolts.| 4 is g 

_ Diameter of Washers ........ Iz | Ive 1} 
Thickness of Washers...... | gs ts rs 


A 
“a 


ad 


Lon) 


Lael 
ae Peonegre 
ee lara 
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Deprrus TO Dritt AND Tap FoR STUDS 


—\ 


SS 


| 


wil 


\ 


YM 


OTL LLL, 
' 


-—-——-—_p- -———-—-4 
Dia. of Stud....... A} 4451 # | yal 3 TF § 
Dia. of Drill C.1...| B | 34/45] 25] ¢ 144133 i 44] 2) 32 
Depth of Thread...| C # 143125 |44] 2 iB Te lr $ |tys|1 4 
Depth to Drill..... D | ry lhh| & | 28) So | 43 leo itd larelr § 


Dia. Width ae i ne yes ar Maximum 


of G te) o! o! o Depth with 
Bolt Head Head Slot Slot Slot St'd Cutter 
A B Le, D E F G 
© 4 ‘ g a: 4 
ee Sue ey ie pei 
8 i ts is i 3a vs 
1s k t 4 ii ts 
s 13 $ & Iys 3 i 
palsy biked SAgetitealinen 
1 I I 
Pe EE Wie pe et 
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Eyre Botts 
A B cS D E F G 
3 2 i g 1s 3 15 
CO We } ; : 
& 2y 14 13 18 g $ 
i 28 TTS 1} 16 to is 
g 24 3 1g 3 i 8 
I 24 1 14 1s 5 i 
I + of 24 18 4 I 18 
I 3 2 $ 1} 2 1} 
1% 3h 28 1§ 16 115 I 
Re Ghee ad wiles a fe ree |) tee 
1g 38 3 23 tt 13 1g 
mH eleesguclose | ap UTE Make yy gf 
1g 38 34 23 iB rg 176 
2 3t 3 2h g 1 r¢ 
SPRING CoTTERS 
No. of Wire Gage......... 13 12 Ir Io 9 8 7 6 
Diag. inches eases fied ace: oo nes 3 a a2 3 is $ 
Lengths. Inches........: 4to2|4to2/tto 2k} to 24/4 to 23|4 to 23| Fto 3 | Fto3 
No. of Wire Gage......... 5 4 
Dia. Machese. 27 bsdec0e ts + foe A 3 g 
Lengths. Inches......... 1to3|1to4]1to4|r1} to 4/1} tos} 2 to 6| 3to6 


Regular Lengths vary by } inch up to 4 inches and by 1 inch from 4 to 6 inches. 
Lengths are measured under the eye. 
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ROUND AND SQUARE WASHERS 


<e" 


U.S. STANDARD WASHERS 


Outside | Thickness 


Diam- | Wire Gage 
Oe Hole eter No. 
vs i ts | 18 (Gx) 


t 15 rf 16 (5) 
vs g 5 16 (75) 
Fy ys | I 14 (ez) 
vs 4 1} 14 (Fz) 
4 Ys 1} 12 (#5) 


ts g 1} 12 (gs) 
§ tte ott 10 (f ) 
i t 2 10 (¢ ) 
$ t¥5) 24 9 (sx) 


I Izy | 24 9 (yx) 
1t 1} 2} 9 (#2) 
1} 13 3 9 (Fz) 
13 1h 3t 8 (3) 
5 rf 34 8 (4) 
rf 1} 32 8 (24) 
1} ee 8 (44) 
If 2 44 8 (44) 
2 2t 4h 8 (32) 
2t 23 4t 6 (ys) 
24 2 5 5 (gz) 


Narrow GAGE WASHERS 


. \. Outside 

Spat | Sabet | Diam 
a ba 
53 3 x 
$ 1s t 
te ed ee 
sae 
I 
Pl al 
¢ eS | 
4 | | 2 
I Ip 24 
a 
1} 1} 3 
1 rR 3 


Thickness 
Wire Gage 
No. 


SQUARE WASHERS 


STANDARD SIZES 
Size of | Size of | width | ‘Thickness 
g rs | 14 $ 
ts 4 1} $ 
4 per g ts 
8 2) 2 + 
rs a5 | 23 t 
$ $4 1 3 
I Igz | 34 
1} 1} 4 
1} 1% 44 
1g 1} 5 
4 te ah io 
I t 6 
2 2 6 


ie cael. 
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<> 


Cast-IRoN WASHERS 


i f i é i i é, 
Swaict | ayrameter | Thickness |} Sef | Outside | ‘Thickness 

3 1} Ts 1 43 I 

$ 2 2 1} 5 It 
8 24 4 1% 5 14 
i 3 3 1} 6 1% 
F 33 i 1} 7 1 
I 4 s 2 7 1g 


RIVETING WASHERS 


: : Palpcihicken ees 
Sie Size Outside | “ness |}, S!2° | size of | Outside [Thickness 
Rivet Hole ae Wire Rivet Hole | Diameter | Wire Gag 

Gage 
7 (.180) | 5 $ 18 Fy $$ 1} 12 
6 (.203) | xe | we 18 "ys 3 I 14 
5 (.220) | 43 g 18 1s +3 1} 12 

t tt Soe eax6 4 $4 1¢ 12 

4 ie a 16 3 $4 1} 12 
ts 34 | 4 14 $ $$ 1} II 
Ts 32 t 14 4 $5 15 II 

Fg $3 $ 14 g $3 1} 10 

g 33 I 14 


MacHINE AND Woop ScREW GAGE 


No. of | Size of No. of Size of No. of Size of || No. of | Size of 
Screw |Numberin|| Screw |Numberin!} Screw |Numberin|} Screw |Numberin 
Gage | Decimals || Gage Decimals Gage Decimals |} Gage | Decimals 
000 .03152 12 21576 25 «38684 38 -55792 
fore) .04468 , 13 .22802 26 -40000 39 «57108 
° .05784 14 +24208 27 -41316 49 -58424 
I .07100 15 25524 28 42632 41 50740 
2 .08416 16 -26840 290 .43048 42 .61056 
3 .00732 17 -28156 30 +45204 43 62372 
4 -11048 18 -20472 31 «46580 44 .63688 
5 12364 19 .30788 32 -47806 45 .65004 
6 -13680 20 «32104 33 +49212 46 -66320 
7 -14906 ar +33420 34 -50528 AT 67636 
8 -16312 22 -34736 35 51844 48 68052 
9 .17628 23 .36052 30 +53160 49 | .70268 
10 -18044 24 37308 37) 54476 |] 50 71584 
II .20260 The difference between consecutive sizes is .61316”. 
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Cone Point 


Gimlet Point 


CoacH AND Lac ScrEws 


Diameter Screw .........- A[P] Bee) Sl] BL ELE] 
No. of Threads per Inch ...} 10}94| 7 | 7| 6151] 5 |44] 44] 3 
Across Flats Hex. and 


Square Heads ........ # 143) fs | 44] 2 | 45] 48 | ob las] 4 
Thickness Hex. and Square 


Leads Sree os crece fs|4/as| 8 |e] 414d) 1214 


LENGTHS OF THREADS ON CoAcH AND LaG ScREWS 
OF ALL DIAMETERS 


Length of Screw Length of Thread { Length of Screw | Length of Thread 
1h” To Head aa Paid 
2 ” 1}” 53” 4 ” 
2 Vv 2” 6” 4 4" 
u 24" tf ” 5 u” 
3h" 24” 8 ” 6 ” 
” ” 9 “ 6 u” 
4h” . 3y’ 10 to 12” 7 ” 
) 
Lac-Screw TEstT | 
(SCREWS DRAWN OUT OF YELLOW PINE) | 
Test as Hoopes and Townsend | 
—___—_— — — ee 
Diameter Sew. tabu t o-hue 4 in. | gi in. ; in. | Fin. | 1 in. 
Depth’ in Wood) ofits <6 A. ta 3hin.| 4in. | gin. | 5in. | 6in. 


Force in Pounds ........... 4,960 | 6,000 | 7,685 | 11,500] 12,620 ote 
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WOOD SCREWS 


Woop screws range in size from No. 0 to No. 30, by the American 
Screw Company’s gage and in lengths from } inch to 6 inches. The 
increase in length is by eights of an inch up to 1 inch, then by quar- 
ters of an inch up to 3 inches and by half inches up to 5 inches. As 
a rule the threaded portion is about seven tenths of the total length. 
The included angle of the flat head is 82 degrees. The table below 
gives the body and head diameters, and the threads per inch as gen- 
erally cut, although there is no fixed standard as to number of threads 
which is universally adhered to by all wood-screw manufacturers. 

Flat headed wood-screws include the head in the length given. 
With round headed screws, one half the head is generally included 
in the length although the practice is not uniform. 


Woop-Screw DIMENSIONS 


(ANGLE OF FLAT HEAD=82 DEGREES) 


% Ie z 

A i i 2 I» i rof | Diameter of |J 

$8] Ser” | Head | [gals S|” Sarew Head [33 
se i EAise én 
o | .05784| 7, —| .110 [xz +] 32/16] .26840.4% +] .526 [4h —| 9 
1 | .o7100;2; —| .136 lee —| 28]| 27 | -28256)5% -552 82+] 9 
2 | .08416|% +] .162 lye +] 26|/ 18] .29472142 —| .578 [et 8 
3 | -090732le5 +| .188 |a¥5 24||19 | .30788|", —| .604 4 —| 8 
4 | r1048|n4 +] .214 |’ —| 22]| 20] .32104)/24 —| .630 |% +] 8 
5 |.12364/4 —] .240 |A2 4+] 20]] 21] 33420182 +| .656 [24 8 
6 | .13680},2, —| .266 |44 + | 18]] 22] .34736/44 +| .682 14 —| 7 
7 | -14996|e5 —| .292 |§% —|16]|23| .36052/¢% | .708 $2 +] 7 
8 | .16312|y% +) .318 [as +] 15]] 24| -37368] $ —| -734 [84 | 7 
g | -17628/42 +] .344 [$4 +| 14]| 25 | .38684)83 —| .700 )8 —| 7 
To | .r8944|8; +| .370 | # —| 13] 26| .4oooojd$ —] .786 |43 +] 6 
11 | .20260/43 —| .396 [23 +] 12]] 27 | .41316/4$ +| .812 |4% 6 
12 | .21576|y5 —| .422 [$f Ir || 28 | .42632/22 +| .838 |25—| 6 
13 | .22892/8% —| .448 |@$ —| 11]}29| -43948l7— +] .864 [8% +| 6 
14 | .24208]4 —| .474 |43 +] 10]/30| .45264|24 8go let 6 
15 |-25524/4 +] .500 |4 10 


314 BOLTS, NUTS AND SCREWS 


Borter Rivet HEADS 


if eee 


Button Heads Cone Heads Countersunk Heads 
Size of 
Rivet Saat sae 
Dia. Thickness Dia. Thickness Dia. ‘Thickness 
i i i Pa Ps i 
ts té 3 32 $4 bi 32 
g Iy5 is Izy 15 I az 
+ 13 4 1} at 115 ts 
i Irs 16 ee $3 t} 3 
5 Iys i 11s x 13 is 
I 13 i rg EE rf 4 
14 ee té 15h 1 1 ts 
1} 2 i 245 Igy 2t g 


TANK Rivet HEADS 


aus e 


Button Heads Flat Heads Countersunk Heads 
Re [oe pe 

Dia. Thickness Dia. | Thickness Dia. Thickness 
$ 32 er on ar t vs 
ts i ar é ts + aa 
+ $3 at ae as $3 yz full 
Ts ts ts ah 3a ts 15 
#sct| 4 43 a ‘i a a0 
$+ ex.) 3B ii 4 + 
16 4 q he 3t i a3 
, $ $ t ts 5 Ye 
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LENGTH OF ROUND HEAD RIVETS FOR DIFFERENT 
THICKNESSES OF METAL 


To find the required length of a rivet when thickness of ‘metal 
between rivet heads is given, assuming the rivet hole to be 7s inch 
larger than the rivet before it is heated, refer to the table below. 
Grip in inches means thickness of metal between rivet heads. 


Diameter in Inches 
Grip 
in 3 $ t t I 
Inches 
Length in Inches. 
8 Ig Ig 2 23 24 
i rt 2 25 25 23 
t 1g 25 Din 23 23 
I 2 ai 23 24 23 
1g 25 23 2 28 at 
iq 25 23 25 24 25 
1% 23 oi BS 2¢ 2% 3 
13 25 ae 3, 38 34 
= x BE 2 a a 
u Z a 33 oh SH 
Ig 3, 34 38 32 38 
2 38 38 32 338 34 it 
25 Oe 32 38 3% 38 * 
25 Sie 38 3% are Wile 
23 32 By 38 4 48 
23 33 33 4 43 4g 
25 3i 4 43 4a 43 
2% 35 45 4t 43 43 
25 4 4k 43 42 43 
3 44 4% 43 4% 43 
38 43 43 47 43 5 
3% 43 42 43 5 58 
38 43 4% 5 58 5a 
32 4¢ 5 58 54 58 
33 43 58 Sa 58 52 
34 5 5s 58 53 58 
38 58 5s 53 58 54 
ae |S 4 st E 3 
Ag 52 54 AY: 8 
43 5a 6 6g 63 63 
4} 63 63 63 63 ‘63 
5 65 63 6g 63 7 


CALIPERING AND FITTING 


THE VERNIER AND HOW TO READ IT 


Tus method of measuring or of dividing known distances into 
very small parts is credited to the invention of Pierre Vernier in 1631. 
The principle is shown in Figs. 1 to 3 and its application in Figs. 4 
and 5. In Figs. 1 and 2 both distances o-1 are the same but they 
are divided into different divisions. Calling o — 1 = 1 inch then in 
Fig. 1 it is clear that moving the lower seal one division will divide 


0 1 0 1 ee? Vee ee ne 
| | | | 1 | 3 | 
OP 365 a Of eee 0 2 4 


FIG. 1 FIG, 2 FIG, 3 
A B 
kth BE) die 2 8. ean 
FIG. 4 
A B 
‘Wir ey ete ete ee ee 
FIG. 5 


Vernier Reading 


the upper one in half. In Fig. 2 the upper scale is divided in half 
and the lower one in thirds. If the lower scale is moved either way 
until 4 or % comes under the end line, it has moved 4 of an inch 
but if either of these are moved to the center line then it is only 
moved $ of this amount or $ 
Figure 3 shows the usual application of the principle except that it 
is divided in four parts instead of ten. Here both the scales have 
» four parts but on the lower scale the four parts just equal three parts 
of the upper scale. It is evident that if we move the lower scale so 
that o goes to 1 and 4 goes to 4 that it will be moved } the length 
of the distance o — 4 on the upper scale. If this distance was 1 inch, 
each division on the upper scale equals } inch-and moving the lower 
scale so that the line 1 just matches the line next to o on the upper 
scale gives } of one of these divisions or y/; of an inch. 
316 
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Figures 4 and 5 show the usual application in which the lower or 
vernier scale is divided into 10 parts which equals g parts of the 
upper scale. The same division holds good, however, and when 
the lower scale is moved so that the first division of the vernier just 
matches the first line of the scale, it has been moved just one 
tenth of a division. In Fig. 4 the third lines match so that it has 
moved ;8; and in Fig. 5, 7% of a division. So if A B is one inch then 
each division is #5 of an inch and each line of the vernier is 75 of 
that or ¢}5 of an inch. 

To find the reading of any vernier, divide one division of the upper 
or large scale by the number of divisions in the small scale. So if 
we had a vernier with 16 divisions in each, the large scale being 
rt inch long, then the movement of one division is 75 of Ys or g$5 of 
an inch. 


READING THE MICROMETER 


THE commercial micrometer consists of a frame, the anvil or fixed 
measuring point, the spindle which has a thread cut 4o to the inch 
on the portion inside the sleeve or barrel and the thimble which 
goes outside the sleeve and turns the spindle. One turn of the 


B- Anvil _ 
C— Spindle or Screw 
D- Sleeve or Barrel 
E- Thimble 


Fic. 6. — Micrometer 


screw moves the spindle #5 or .o25 of an inch and the marks on the 
sleeve show the number of turns the screw is moved. Every fourth 
graduation is marked 1, 2, 3, etc., representing tenths of an inch or 
as each mark is .025 the first four means .025 X 4 = .100, the third 
means .025 X 4 X 3 = .300, 

The thimble has a beveled edge divided into 25 parts and num- 
bered 0, 5, 10, 15, 20 and to o again. Each of these mean 3; of a 
turn or ys of 25 = ry5 of an inch. ‘To read, multiply the marks 
on the barrel by 25 and add the graduations on the edge of the 
thimble. In the cut there are 7 marks on the sleeve and 3 on the 
thimble so we say 7 X 25 = 175, plus 3 = 178 or .178. 

In shop practice it is common to read them without any ‘multiply- 
ing by using mental addition. Beginning at the largest number 
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shown on the sleeve and calling it hundreds and add 25 for each 
mark, we say in the case show roo and 25, 50, 75 and then add the 
numbers shown on the thimble 3, making .178 in all. If it showed 
4 and one mark, with the thimble showing 8 marks, the reading 
would be 4oo + 25 + 8 = 433 thousandths or .433. 


THE TEN-THOUSANDTH MICROMETER 


Tus adds a vernier to the micrometer sleeve or barrel as shown 
in Fig. 7, which is read the same as any vernier as has been ex- 
plained. First note the thousandths as in the ordinary micrometer 
and then look at the line on the sleeve which just matches a line on 


Thimble Thimble 
gS 10 o 1 19 oe 
| “ a 
J 
09870643210 — ttn | 
Sleeve Sleeve 
B Cc 


Fic. 7. — Micrometer Graduations 


the thimble. If the two zero lines match two lines on the thimble, 
the measurement is in even thousandths as at B which reads .250. 
At C the seventh line matches a line on the thimble so the reading 
is .2507 inch. 


MEASURING THREE-FLUTED TOOLS WITH 
THE MICROMETER 


Tue sketch, Fig. 8 on page 319, shows a V-block or gage for 
measuring three-fluted drills, counterbores, etc. 

The angle being 60 degrees, the distances A, B, and C are equal, 
Consequently to determine the correct diameter of the piece to be 
measured, apply the gage as indicated in the sketch and deduct 
one third of the total measurement. | 

The use of this gage has a decided advantage over the old way 
of soldering on a piece of metal opposite a tooth or boring out a ring 
to fit to. 

Using a standard 60-degree triangle for setting and a few different 
sizes of standard cylindrical plug gages for testing, the V-block 
may be easily and very accurately made. 
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Ef0 


0123466780 |)? 


Deduct * 


Fic. 8. — Measuring Three-Fluted Tools 


PRESS AND RUNNING FITS 
Parallel Press, Drive and Close Fits 


TABLE 1, page 320, gives the practice of the C. W. Hunt Company, 
New York, for press, drive and close or hand fits for parallel shafts 
ranging between one and ten inches in diameter. In accordance with 
general practice, the holes for all parallel fits are made standard, except 
for unavoidable variation due to the wear of the reamer, the variation 
from standard diameter for the various kinds of fits being made in 
the shaft. This variation is, however, not positive, but is made 
between limits of accuracy or tolerance. Taking the case of a press 
fit on a two-inch shaft, for example, it will be seen that the hole — 
that is, the reamer — is kept between the correct size and 0.002 inch 
below size, while the shaft must be between 0.002 and 0.003 inch 
over size. Fora drive or hand fit the limits for the hole are the 
same as for a press fit, while the shaft in the former case must be 
between 0.001 and 0.002 large and in the latter between: 0.001 and 
0.002 small. 


Parallel Running Fits 


Table 2, page 321, gives in the same way the allowances 5s made by 
the same concern for parallel running fits of three grades of close- 
ness. The variations allowed in the holes are not materially dif- 
ferent from those of the preceding table, but the shafts are, of 
course, below instead of above the nominal size. 

In all cases the tables apply to steel shafts and cast-iron wheels or 
other members. In the right-hand columns of the tables the for- 
mulas from which the allowances are calculated are given,-and from 
which the range of tables may be extended. 
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Shrink Fits 


Table 3 gives the practice of the General Electric Company, 
Schenectady, New York, in regard to shrink fits, the same allowances 
also being made for press fits on heavy work such as couplings, etc. 


TABLE 3. ALLOWANCES FOR SHRINK Fits 


Dia. In.| Allowance |/Dia. In.} Allowance Dia. In. Allowance 
I .OOI 20 42 +0143 
2 .OO15 22 44 -O15 
3 .0020 , 24 46 +0155 
4 .0028 26 48 .010 
6 .003 28 60 .020 
8 +0045 30 a, (|e 02g) 

ro +0053 32 84 -027 
12 .0058 34 96 +030 
14 +0005 36 108 +033 
16 +007 38 120 -0355 
18 «0075 40 132 -038 

‘ 144 +040 


LIMITS FOR GAGES 


Tue Newall Engineering Company, when developing their system 
of limit gages, investigated the practice of the leading English, 
Continental and American engineering concerns relative to allowances 
for different kinds of fits and prepared a table which is the average 
of all the data received, every point included being covered by the 
practice of some prominent establishment. The limits and allow- 
ances thus arrived at for shop gages are given in Table 4, which is 
self-explanatory. 


TABLE 4. Limits AND ALLOWANCES IN SHOP GAGES FOR j 
DIFFERENT KINDs OF Fits 


Nominal Diameters ri 2" kf / 4" 
ver’ S12 sii. sade by 00025].00050}.0007 5/.00100].00100}. 
Under size....:.... .00025}.00025).00025|.00050].00050]. 
Wlargin (das = «5.57 -00050].00075 -00100| .001 50 00150}. 


Limits in Plug Gages for Standard Holes 
(Table Continued on Page 323) 
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TABLE 4 Continued. — Liits IN SHoP GAGES 


Allowances — over Standard — for Force Fits 


Nominal Diameters 3 . ~ a a 4” i 6” 
EAE eames te che = +0007 §|.00175].003 50|.005 25|.00700].00900}.oT 100 
[ERT Rees tocol ©0100 Aces Se a bod .00600}.00800}.01000}.01 200 
PEGWosir seein etle 00050|.001 50}.00300}.00450 #06600) .00800).01 forere} 

: | . 
LENS SS rien papas} ce059]-Ger0e -OOI 50}.00200}.00200}.00200 
Allowances — over Standard — for Driving Fits 
Nominal Diameters }” a, a? Zz 4” int 6" 
GATE a SritiSndns -000375}.000875}.001 25|.00200].00250}.00300].00350 
St tet ck Pees -000§0 |.00T00 |.00150}.00250}.00300).00350}.00400 
WOW... sin +++ +|,00025 |.00075 |.00100].00150}.00200|.00250).00300 
Wrargin’. . ess | 00025 |.00025 |.00050}.00100}.00100|.00r00}.00T00 


Allowances — Below Standard — for Push or Keying Fits 


Nominal Diameters }" wo 2” ca 4” 5” | 6” 


High ...........|/.00025 |.00050 |.00100/.00150}.00r50 enrapee | 

Bows... e+e22+/.00075 |.COL00 |.00150).00200).00250].00250/.00250 

Margin ....... + +|-00050 |.00050 |.00050|.00050}.00050}.00050}.00050 
| 


Clearances for Running Fits 


res Diameters " I 2” 3” a” eo 6” 
Mean_|.00150 |.00200 |.00260}.003 20].00380].00440].00500 
xX. High _|.00100 |.00125 |.00175}.00200].00250].00300!.00350 
Low __|.00200 |.00275 |.00350].004.25].00500].00575/.00650 


Margin |.ooro0 |.00r50 |.00175].00225}.00250].00275].00300 
Mean _|.oorco |.00r§0 |.00190].00230].00270).00310}.00350 
High |.00075 |.00100 |.0o1 25|.00150}.00200}.00225}.00250 


#e Low __ |.00125 |.00200 |.00250|.00300|.00350].00400|.00450 
Margin |.00050 |.o0100 |.001r25|.001 50}.001 50|.00175|.00200 
Mean __|.000625].0oroo |.0or 20}.00140}.00160|.c0180|.00200 
Zz High |.00050 |.00075 |.00075}.00100].00100|.001 25}.001 25 


Low -00075 |.00125 |.00150].00200}.00225].00250}.00275 
Margin |.00025 |.00050 |.00075].00100].00125].001 25|.00T 50 


Class X is suitable for engine and other work requiring easy fits. 
Class Y is suitable for high speeds and good average machine work, 
Class Z is suitable for fine tool work. 
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Limits For Work Ground to Various Classes of Fits 


Table 5 gives the limits used by the Brown and Sharpe Manu- 
facturing Company in grinding work to various classes of fits required 
in machine manufacture. 


TABLE 5 — GRINDING Limits FOR CYLINDRICAL Preces 
As Apoprep By Brown AND Suarre Mrc. Co. 


RUNNING FITS — ORDINARY SPEED 


To #inch diameter, inc: 210... .5/. 5... 0.00025 to 0.00075 Small 
‘Tho winch diameter, nc. eee ee 0.00075 tO 0.0015 Small 
To 2-Inch diameter mcs. -h- ene 0.0015 to 0.0025 Small 
. Lo 34-inch diameter, inc.............. 0.0025 tO 0.0035 Small 
Tov6-inche diameter, INC... han oe ole 0.0035 to 0.005 Small 


RUNNING FITS — HIGH SPEED, HEAVY PRESSURE AND ROCKER SHAFTS 


Topdnch: Hameter, icin: osss.-os 2 0.0005 tO 0.001 Small 
To: r<inch diameter; imcic:6c.a0. «bes 0.001 tO 0,002 Small 
To: a-inch diameter; in¢icnc.« scteo 0 eos 0.002 tO 0.003 Small 
To 33-inch diameter, inc. ...........° 0.003 0 0.0045 Small 
Tovt-inch diameter, 100.2. oa <c vase 0.0045 to 0.0065 Small 
SLIDING FITS 
To }inch diameter, inc... ......<.<.: 0.00025 tO 0.0005 Small 
Wosoimech diameter: mic... 7... cee oe 0.0005 to 0.001 Small 
To 2-inch diameter, Inc. ............. 0.001 to 0.002 Small 
To 34-inch diameter, inc. .........5.. 0.002 to 0.0035 Small 
To 6inch:diameter; inG 22. {02.025 0.003 tO 0.005 Small 
STANDARD FITS 
To,4-inch diameter, Mc. .. can sa<wsn & Standard to 0.00025 Small 
"Lour-inch diameter, OnGs. «cbc gae eh nen Standard to 0.0005 = Small 
‘To-s-inch- diameter, ING. jscxc. cas oes Standard to 0.001 Small 
To 34-inch diameter, inc. ..........+. Standard to 0.0015 = Small 
To 6-inch diameter, inc. ..... 62.5. .5. Standard to 0.002 Small 


DRIVING FITS — FOR SUCH PIECES AS ARE REQUIRED TO BE READILY 
TAKEN APART 


To inch diameter, inc. ... 6. ..0...2. Standard to 0.00025 Large 
Tois-inch diameter, Ines. sans § ae 0.00025 to 0.0005 Large 
To 2-inch diameter, inc. ......0.4..... 0.0005 tO 0.00075 Large 
To 34-inch diameter, inc. ............ 0.00075 to 0.001 Large 
To G-inch diameterginen sistas eS 0.001 tO 0.0015 Large 
DRIVING FITS 
To d-inch diameter, ince, 4055 ...c00- 0.0005 to 0.001 Large 
Ts teinch diameter, Wc. in ss tuesw an 0,001 to 0,002 Large 
To 2-inch diameter, inc... 2.142. .0.45 0.002 tO 0.003 Large 
To 34-inch diameter, inc. ........... . 0.003 tO 0.004 Large 


To 6-inch diameter, inc. .<.. 02s -sam 0.004 tO 0,005 Large 
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TABLE 5 Continued 


FORCING FITS 


sCom-inchidiameter,iNGhp sys. a ners. as 0.00075 tO 0.0015 Large 
hoet-inch:diameter, InCey ss 5 dane 0.0015 tO 0.0025 Large 
fos2-Inch’ diameter, INGhe<.. oo ce 5s 0.0025 to 0.004 Large 
dio.3%-inch. diameter sinGy ert. evade 3 0.004. to 0.006 Large 
solG-nchidiametersinGra. s2 5s sec 0.006 to 0.009 Large 


SHRINKING FITS — FOR PIECES TO TAKE HARDENED SHELLS 2 INCH 


THICK AND LESS 


Mo f-nch: diameter, ING... ae ce or 0.00025 to 0.0005 Large 
$0 F-inch diameter. INC! vc oves ee sae ose 0.0005 tO 0.001 Large 
ako: 2-inch diameter, Inch «3% 244: 4:65 2% 0.001 tO 0.0015 Large 
Fo 33-inch diameter, inc)... .. 042.0. 0.0015 to 0.002 Large 
#£0)6-inch diameter, inc... . 4... 0.002 tO 0,003 Large 


SHRINKING FITS — FOR PIECES TO TAKE SHELLS, ETC., HAVING A 


THICKNESS OF MORE THAN 3 INCH 


To: 4-mech diameter; inc... 2.2. ...... .% 0.0005 tO 0.001 Large 
gb0,.4-MCbh chameter ICs. at ptowt +s 0.001 to 0.0025 Large 
mo-2-inch diameter, Inc! s ose ee 0.0025 tO 0.0035 Large 
Wo 34-inch diameter, ines. 12)'. 269, 0.0035 to 0.005 Large 
Mo Winch diameter INCs «2. sae oc is 0.005 tO 0.007 Large 


GRINDING LIMITS FOR HOLES 


Wo 4-inch diameter, inc... .......+.m.- Standard to 0.0005 _— Large 
Mlow-mch diameter iG... 2 oe a Standard to 0.00075 + Large 
Brow a-inehi diameter, MCs wayein vir: ererekre Standard to 0.001 Large 
To: 33-inch diameter; inc. ...25.s.20%8~ Standard too.oo15 Large 
wo 6-inch diameteérinc. | 2.22. ses: 3 Standard to 0.002 Large 
40 12-inch diameter, inc)... 2.)0:).. Standard to 0.0025 Large 


Metric Allowances For Fits of All Classes 


Table 6 covers allowances worked out by the Newall Engineering 
Company for use in connection with metric measurements; the 
allowances being given in decimals of a millimeter. 

The Newall system is based on a hole “‘basis,”” which means that 
all holes are produced as near the standard size as commercially 
possible and the allowances are made in the shaft or other fitting. 
The first part of the table shows the tolerances allowable in a standard 
hole for two grades of work which are designated by classes A and B. 
The remainder of the table covers fits of various classes. 
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TABLE 6 — THe NEWALL STANDARD 
Tables of Allowances for Various Classes of Fits in Millimeters 


Tolerances in Standard Holes for Two Grades of Work 


Nominal Dia. |Uptors! 16-25| 26-50 51-75 | 76-100 | ror—125| 126-150 


High limit ....| + 0,007) + 0.013) + 0.019; + 0.026] + 0.026] + 0.026] + 0.039 
Low limit..... — 0.007} — 0,007} — 0.007] — 0.013] — 0.013] — 0.013} — 0.013 
Tolerance..... 0.014 0.020 0.026 0.039 0.039 0.039 0,052 
High limit ....} + 0.013] + 0.019} + 0.026] + 0.032] + 0.039] + 0.045] +o.051 
Low limit..... — 0,013] — 0.013} — 0.013] — 0.019] — 0.019] — 0.019] — 0.026 
Tolerance... .. 0.026 0.032 0.039 0.052 0.058 0.064 0.077 


Force and Shainke Fits 


Nominal Dia. |Up to1s| 16-25 26-50 51-75 | 76-100 | ro1—125! 126-150 
High limit ....| + 0.026} + 0.051) + 0.102} + 0.153} + 0.204} +0.255| + 0.306 


Low limit... .. + 9.013} + 0.038 + 0.077; + 0.115] + 0.152) + 0.203] + 0.254 
Tolerance..... 0.013 0.013) 0.025 0.038 0.052 01052 0.052 


Driving Fits 


Nominal Dia. | Uptors} 16-25 26-50| 51-75 | 76-100 | 1o1~-125| 126-150 


High limit ....] + 0.013] ++ 0.026} + 0.039| + 0.064) + 0.077] + 0.089} + 0.102 


Low limit... .. + 0.007| + 0.019} + 0.026] + 0.039) + 0.051] + 0.063] + 0.076 
Tolerance..... 0.006 0.007 0.013 0.025 0.026 0.026 0.026 


Push Fits — Go in Easy but will not Turn 


Nominal Dia. | Upto1s| 16-25 20-50 53-75 | 76-100 | 101-125) 126-150 


High limit ....| — 0.006] — 0.006] — 0.006} — 0.012} — 0.0r2| — 0.012! — 0.012 
Low limit... . . — 0.019] — 0,019 — 0.019| — 0.026] — 0.026] — 0.026| — 0.026 
Tolerance..... 0.013 0.013 | 0.013} 0.014] 0.014 0.014 0.014 


Running Fits for Engine and Similar Work 


Nominal Dia. | Upto rs 16-25 26-50 51-75 | 76-100 | 101125) 126-150 


High limit ....| — 0.025] — 0.032) — 0.045| — 0.051) — 0.063| — 0.076] — 0.089 
Low limit..... — 0,051] — 0.070} — 0.090] — 0.108] — 0.127] — 0.146} — 0.165 
Tolerance..... 0.026 0.038) 0.045 0.057 0.064 0.070 0.076 


Running Fits for Good Average Machine Work 


Nominal Dia. Up tors) 16-25 26-50 51-75 | 76-100 | 101—125 126-150 


High limit ....| — 0.019| — 0.025} — 0.032) — 0.038] — 0.051] — 0.057] — 0.063 
Low limit — 0.032) — 0.051) — 0.064) — 0.076] — 0.089} — 0.101! — 0.114 
Tolerance..... 0.013) 0.026 9.032 0.038 0.038 0.044 0.051 


Ruhning Fits for Fine Tool Work 


Nominal Dia. | Uptors} 16-25 26-50 | 51-75 | 76-100 | 101-125] 126-150 


High limit ....}| — 0.012} — 0.019! — 0.019] — 0.025) — 0.025] — 0.032| — 0.032 


Low limit... .. — 0.019} — 0.032] — 0.039] — 0.051| — 0.057| — 0.064) — 0.070 


Tolerance..... 0.007 0.013 2.020} 0.026 0.032 0.032 0.038 
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Press Fits For Wheel Hubs 


THE practice of the Boston-Elevated Railroad is to allow 8 tons 
per inch of diameter. An excess of 2 tons total pressure is allowed 
for cast iron, while the minimum pressure may be from 8 to 1 3 tons 
below the normal according to diameter, as shown by the following 
table. These are for cast iron hubs with the cone 5 inches in diam- 
eter — 73 inches long. For cast steel or wrought iron 20 per cent 
greater pressure is allowed. 


2 a 0 Variation 
Diameter of Minimum Maximum 
Fit Pressure Pressure oe 
23 to 248 12 22 
3 to 375 16 26 
32 to 34% 20 30 Tie) 
4 to 475 24 34 
42 to 443 28 38 
5 to 51/5 3u 2 ith 
53 to 5t8 35 46 
6 to 675 38 50 By 
62 to 61g 42 54 x 
7 to 715 45 58 o 
72 to 74% 49 62 
8 to 8% 52 66 a 
— 83to 8 56 70 4 
9, to ors 59 74 
92 to OTF 63 78 15 
To to 1075 67 82 


RUNNING FITS FOR POWER TRANSMISSION 
MACHINERY 


The Dodge Manufacturing Company has different standards 
for different classes of work for running fits. Their ordinary bear- 
ings vary from ;; inch for 1 inch to a little over ~, for 6 inches. 
Their clutch sleeves, which are babbitted, run very much closer, 
varying from 0,008 to about 0.0015 inch. Loose pulleys are some- 
times made as close as 0.003 inch on the smaller sizes. The com- 
pany has found that a good standard on loose pulleys is about #; 
on a 24 inch hole and varying proportionately for diameters above 
and below that. This is very much freer than most people 
recommend, but it has been found that in the general trade there 
is more difficulty in having a little too tight a fit than’ there is in 
having the fit a little too loose. . 
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MAKING ALLOWANCES WITH THE CALIPERS FOR 
RUNNING, SHRINK, AND PRESS FITS 


OnE of the familiar devices of the machinist consists in giving 
the inside calipers a certain amount of side play, when it is desir- 
able to obtain a measure minutely less than the full diameter of the 
hole, as in making a loose or running fit, or a sliding fit as of a 
plunger inacylinder. Thusin Fig, 9, A is the diameter of the bore, B 
the caliper setting and C the side play permitted the caliper in the hole. 

In the table below is given a list of the reduced dimensions for 
different amounts of side play of the calipers in a 12-inch hole. 
From this, the dimensions may be obtained for holes of other diam- 
eters by division. Where in the table the side play is 2 inches, if 
we divide the items by 4 we have the side play and the reduced 
dimension for a 3-inch hole, or 0.5 inch and 2.9894 inches respectively. 


Resa 
i 


i} 
i) 
i} 
' 


Fic. 9. — Side Play of the Calipers 


TaBLe or Repucep DIAMETERS INDICATED BY INSIDE CALIPERS 
FOR DIFFERENT AMOUNTS OF SIDE PLAY IN A 12-INCH HOLE 


Side play 


oR Rar fy Pi AR Se DRE Bae ae 11.9999 
© 25s'aiosins0 81 gi5)0 Wo EEE GEE AR Coxe at see 11.9991 
Al oe sl otinibig aoe ale atest aie ie sisi rs tai nie a rien nee 11.9983 
OG OTE Phe aise e ae oth oa ke eae ote Re 11.9962 
C.F ir LS a eee 11.9933 
TIO S erate nee nl ane stele Oe apes GL 3 6 ae eee 11.9895 
TaD tetleyeut aan ess a hue Nghe ashe a ae AN eRe eee 11.9849 
Rigi. PEP it oes asa meee se eee emaNy 11.9795 
P05 Swaee ae eae eens ita deere d 11.9730 
TES Pe ee, ES SE RS fitter ae ee Nes Oe 11.9660 
BIS PAI, ts ThA ees Mage ha gale eee RRS IF 11.9579 
DLE Maha catia tan Matetd y Seer poms eS eee ee 11.9490 
BA Lk HO gS Oe alo whe, HERE D ae, Pte ae ne gene Dee a koe 11.9391 
BS! AUR ca IL SSA OR ate ane a tacit 11.9339 
BiQivle's wid a atars) oidimeisioime isla) ae Oe Ste ae Ae NS 11.9044 
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Axial Inclination of the Calipers in Measuring for Shrink or 
Press Fits 


In the case worked out on page 328, it was desired to produce a hole 
slightly larger than the piece to go into it, or a piece slightly smaller 
than the hole. In operations where a hole is wanted somewhat smaller 
than the piece to be shrunk or pressed into it, a similar plan of meas- 
uring can be employed, and a table giving the tightness can be 
computed, The sketch, Fig. ro, will serve to make the meaning clear. 
The distance A is the diameter of a hole and line a is the length of 
a gage the exact size of the piece to be pressed or shrunk into the 
hole. The distance b is the amount the gage lacks of assuming a 
position square or at a right angle to the axis of the hole. 

It is an easy matter to make a table as suggested. It is only 
necessary to find the different lengths for the hypotenuse a for the 
right-angle triangle of which A is the constant base and b the per- 
pendicular, taking b at different lengths from 4 inch to 2 inches. 
Assuming the diameter to be 12 inches, then the lengths indicated 
for different inclinations in the direction of the axis will be as given 
in the following table. 
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TABLE FOR AXIAL INCLINATION OF CALIPERS IN ALLOWING FOR 
SHRINK OR Force Firs IN A 12-INCH HOLE 


Inclination of 


calipers 
pst ool «\ans try, ee oa Pee tan Ee ee otra 12.00065 
b Sab a ct eieeiie- FAV pene CAL A A RED ie 8 I2.00260 
HCH ens cotati ciperinpdarce tots aieoieese 12.00580 
nih Talo! ey cance eaten, OMe bse Gere yet I2.01040 
(Slalol ieee bee epee, Sct Seen Ratlam See 12.01626 
BM CHivi: Pe tacosieateis st eas ask, til Spe eats 12.02340 
GOGH. (ney Satis are als Mhaaisnta eels aeaelehs ates ott 12.03180 
TMC. FR Lee Sete Se kitae a «I 12.041 59 
MARCHES KUO SUS ae SiMe. EA. cher a RN hekaecbe, 210) 8 12.06490 
TR AGHES ANG clinch onde Ghtve Blane, Hate. atl s) tte by eve 12.09338 
TP AMOS ON EE! hee ts ahd HEAL An, choo late 8 oi oFat 12.12689 


Bi NEDES ecco a ape Mae ee Ip a nayav cats, halls 12.16550 
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Side Play of Calipers in Boring Holes Larger than a Piece 
of Known Diameter 


The following is an approximate rule for obtaining the variation 
in the size of a hole corresponding to a given amount of side play 
in the calipers. The rule has the merit of extreme simplicity and 
can be applied equally well to all diameters except the very smallest. 
In most cases the calculation is so simple that it can be done men- 
tally without having recourse to pencil or paper. 


The Calculation 


Let A in Fig. rr = side play of calipers or end measuring rod in 
sixteenths of an inch. 
B = dimensions to which calipers are set, or length of measuring 
rod in inches. 
C = difference between diameter of hole and length of B in 
thousandths of an inch. 


Then C = es 


2 
—, within a very small limit. 
2B 


i 


er J | 
Fic, 11. — Caliper Side Play 


Example: A standard end measuring rod, 54 inches long, has 
% inch of side play in a hole. What is the size of the hole? In this 
case A = 6 and B = 54. Apply the above formula: 


nes rie ae thousandths of an inch, or 0.00327 inch. 


The diameter of the hole, therefore, is 54 4- 0.00327 or 5.50327. 

The methed will be found to be correct within a limit of about 
0.0002 inch if the amount of side play is not more than one eighth 
of the diameter of the hole for holes up to 6 inches diameter; within 
0.0005 inch for holes from 6 inches up to 12 inches; and within o.oo1 
for holes from 12 inches up to 24 inches. 


DIMENSIONS OF KEYS AND KEY-SEATS 331 


Allowing for Running and Driving Fits 


This rule has been found to be useful for boring holes of large 
diameters in which allowances have to be made for running or 
driving fits, as only a single measuring rod for each nominal size is 
required. The rods should be of standard length, or a known 
amount less than standard, the allowances being obtained by varying 
the amount of side play when boring. The rule is also capable of 
determining limits, as the maximum and minimum amount of side 
play allowable can be specified. The measuring rods should be 
tapered at each end and the points slightly rounded. For accurate 
work, the body of the rod should be encased in some non-conducting 
material to nullify the effect of the heat of the hand. 

In comparing this method with that described on page 330, it 
should be remembered that the conditions are reversed — that is 
io say, the first method is for setting calipers to a given dimension 
smaller than a hole of known diameter, whereas the method now 
described is for boring a hole a given amount Jarger than a gage of 
known length. 

In measuring the side play it is sufficient to take it to the nearest 
sixteenth of an inch, and if anything like accuracy is required it 
should be measured not guessed at. é 


DIMENSIONS OF KEYS AND KEY-SEATS 


THE following rules and table on page 332, as prepared by Baker 
Bros., Toledo, Ohio, give dimension of keys and key-seats. 

The width of the key should equal one fourth the diameter of the 
shaft. 

The thickness of the key should equal one sixth the diameter of 
the shaft. 

The depth in the hub for a straight key-seat should be one half 
the thickness of the key. 

The depth in the hub at the large end, for a taper key-seat, should 
be three fifths the thickness of the key. 

The taper for all key-seats should be 3’; inch in 1 foot of length. 

The depth to be cut in the hub for taper key-seats, at the large 
end, is greater than those cut straight, for the reason that unless 
this is done the depth in the hub at the small end will not be sufficient, 
especially in long key-seats. 

The depths of key-seats in the table are given in thousandths of 
an inch and measured from the edge of the key-seat, and not from 
the center. In this manner the exact depth of key-seat can be 
measured at any time after it is cut. 

For extra long key-seats the depth cut in the hub may be slightly 
increased, but for the average work the table will be found correct. 
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DIMENSIONS OF Krys AND Kery-SEats. 


(BAKER Bros.) 


Size of 
Hole 


Decimal | Preferred | Nearest | Preferred | Nearest 9 re 
Equiv- | Width of | Size of | Thickness) Fractional | Hub for 
alent Key-Seat | Cutter | of Key |Thickness a 
ey 
nas 36 4 166 as +093 
1.062 205 4 ath pr 093 
igi 35 281 } -187 +093 
1.187 -296 ps -198 5 «109 
1.25 312 ps 208 ag -109 
1-312 328 ts +219 sy -109 
1.375 -343 3 .229 + 125 
1.437 | -359 | # +239 + 125 
1.5 +375 $ +25 t 125 
1.562 -39 4 26 } 125 
1.625 -406 ys 271 sy 141 
1.687 -421 ys -281 sir 141 
1.75 -437 | xs | -2092 an I41 
1.812 453 ae +302 fy 141 
1.875 -468 4 «312 i 171 
1.937 -484 4 323 4} 3 
2. 5 4 333 i 171 
2.062 +515 4 344 Vb 171 
2.125 “531 4 “354 $4 170 
2.187 -547 4 .304 44 17L 
2.25 563 | 4 375 at U7E 
2.312 578 4 385 3h FE 
2.375 593 | § -396 1s -218 
2.437 .609 2 .406 ys 218 
2.5 625 3 416 x's 218 
2.562 -641 £ 427 ts -218 
2.625 .656 2 -437 ys 218 
2.687 672 g 448 pes 218 
2.75 687 3 458 as 218 
2.812 703 g .469 rs 218 
2.875 719 | 4 -479 4 +25 
2.937 “734 i -49 4 +25 
3. 75 } 5 4 +25 
3-125 781 } 521 4 25 
3-187 -797 } “531 4 +25 
3-25 812 q 542 4 25 
3-375 | -844 | $ +562 8 312 
3-437 | 859 | & 573 g .312 
355 875 | $ +583 g +312 
3-625 -906 i 604 § a3. 
3.687 923 t 614 g 312 
3-75 937,| 625 & 1312 
3-875 | .969 | 1 -646 $ +343 
3-937 | -984 | 1 -656 { +343 
4. I. I -666 +343 
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DIMENSIONS OF STRAIGHT KEYS 


ANOTHER system of keys used by a good many manufacturers is 
given in the table following, the sizes of shafts ranging by sixteenths 
from 3%; inch to 4 inches and by eighths from 4 to 6 inches. The 
keys are square until the rg inch shaft is reached, when the thickness 
of the key becomes +; less than the width. With the 4} size the 
thickness of the key becomes } inch less than the width and this 
difference is constant up to the 54 shaft when the width exceeds the 
thickness by 3%; inch, this difference in the two dimensions continu- 
ing throughout the remainder of the table. 


DIMENSIONS OF STRAIGHT KEYS 


oe Weal ge heocies ldo) ole mii gale 
ue a3) n ot 2 a a R 2 wo ny 
ray ° g ow ° 3) wo ° ro) ay i) 3 
ola lael ° | a |e] 2 | 3 lee] ° 1 4 |4ae 
a) °S |3M| o°) 2/841 2°] & lem | 2 | S (cas 
A |e |& (ayes |e A | |e A | Fle 
° TE | as ll ei 2a) a) ae ll Ste eee 
15 tys| te | te |] 26] ae | 2 || 328] £ | 46 
3 tg | te | as || 28) ae | 2 || 3h] a8 | # 
ts tyg| ve | te || 2th] te | 4% 5) 3t¢) te] 2 
Ble 2h hatoteal, tei g| a5] kW 4 eee 2 
vs | sz | sz | tre) & | & | 2té| te | 2 48 | te] 2 
$ | sz | ve | t 3 & || 2k | ve % || 4% 5 i 
xs | $ | $ || 248) & ) # | 2t8) @ | te 4) £ | 2 
ol Gs (| ER ren Wee anl ice hs $ | vs || 42 | te | 38 
Hel a jeter tee eal| ecsall-coralllarsc|t ans (pare | Sas ll on: 
& | is ts 1% | is $ || 33 & | ve || 46 |x t 
43 | ts | te | rte] ts | $ | 3ee} 8 | re i]s |z g 
So lietee | real2o 8! se | 8 SE. eee eS seine eee 
H§ | vs | te] ers} re | $ || sre) 48] $8 52 [tre | & 
Cael) encase Mh Zee Psst aya lleelceelinemrelients SIC okt llttemae| | ats 
te | 2 4 || 275) 2 | re || 3re| te | & |] 52 [28 ts 
I Po eT 2a Se Nese oe | te! ey beans ee 
Tae |) ti) eet eth reel Sree dletes be, |b a te 
rs Naess Arad a 5 lies vam laste acisealhawe 4 (fe Seal estcl- | (esoccmed es 
Ege ta ad i are oe Pere iste ek (ee O° tae tt 


SQUARE FEATHER KEYS AND STRAIGHT KEY SIZES 


Tue tables on page 334 give the sizes of square feather keys and 
regular straight keys in accordance with the practice of Jones & 
Laughlin, Pittsburg. For taper keys, this concern and many others 
use a }-inch per foot taper. ; 
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SQuARE FEATHER Kry Sizts. (Jones & LaucHum) 


Dia. of Shaft | Size of Key Dia. of Shaft Size of Key 
1 tor} ix} 4x 
T;'5 to 13 bs X ts tx ¢ 
175 tor tl be i ax 4h 
134 tor te OX XI 
142 to 2$ +x 4 PX ie 
aziz to 23 ts X as X13 
2z% to 2% gx + X14 
21} to 2f HX# § X 1% 
2tg to 3% zea 4 X 1h 
Straicut Key Sizes. (Jones & LAvGHLIN) 
Dia. of Shaft Size of Key Dia. of Shaft Size of Key 
tr tort 1x7 gt ee i X i 
Ty's to 18 ts X ya 31's to 3 4X ¢ 
ryq to 18 gx 3t ei tex 8 
ri tox rs X ys 3Hf to 4 ae 
rf} to 2b xii ate toat | atx 4 
2y'5 to 2$ ts X # 4r's to 4f Lt < me 
2y'5 to 2g Sb 4té to 54 1tX # 
2H to 2h ux Sig to 5t 1g X ¢ 
24% to 38 ree 5i¢ to Of 14 Xt 
D 

I t +132 tis 

2 vz 165 vr 

3 Ye 199 tr 

4 ir 264 tz 

5 ts +329 vr 


‘PRATT AND WHITNEY KEY SYSTEM 335 


Keys made with 
__%_ Round Ends and 


Keyways Out in 
Bai ME Ei 


The Length ‘‘L” may vary from the table given, but must at least 
be equal to (2 X W). The maximum length of slot which can be 
cut in the Spline Milling machine in one cut; is (4”-+ W). Note 
that the Width (W) is in all cases equal to the depth (D). 


Pratr & Wuitney Kry System 


Key Key 
wel! d W H Be leet bas w H D 
ji 3 1 1 3 he 
I " ie a2 Be lige A 4 & a 
2) 12 a2 ces az | 23 Ig Ts ae 16 
ie! 8 1s 8 Le 8 16 8 
§ 9 3 1 
4 ? a3 crs 3 24 5 i i 4 
5 8 8 15 Penimeesal ks Ts 32 1 
6 32 bt gz | G 3 15 A 
BY 1 5f 3 1 
7 i 3 15 cay. || oe R 2 5 + 
aa an OD x Sc a i ee A 
3 9 3 3 9 3 
9 16 Bz 16 53 8 Io 8 
5 9 8 
10 3a at az | 26 is 32 16 
BE Bee hh detested tee dl eee 
r2 az & a 32 28 15 a3 1s 
A £ s 4 =) s 16 8 
3 9 1 3 1 
13 as Be ts 54 2 & 4 
4] | a a od Si ec ae 
$s ‘3 Zit eG | 2a 3 “g 3 
15 ia & £ 5 8 15 8 
B te | 38-| ae || 57 vw | 32 | we 
9 3 5 15 
# Soe ice ie * | 2) ow 
7 | at 32 oa az | 59] 54 s Ts s 
c eet Soe toe a | EA 
Cc 16 a2 te | 62 2 £ 2 
9 F 3 9 3B 
19 is a ia 6 3° 3 15 8 
py Paes: a ba sz | 3t 18 a2 16 
21 1% 4 5 A 2 3 2 a 2 
D 1s 43 1s 33 15 32 15 
E $ 16 aon hot 3 te 3 
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fan — a 


WHITNEY Keys AND Currers. Nos. 1 To 26 
(Woodruff’s Patent) 


as Thick- Key ll 0 of | pia. | Thick: Key 
TES [ot |e Pag a | | Ca get tag | 
Cutter i Gutter By hae Cutter = ees Key ve 
A B regey (os, A| B c |p 
x 5 ts Bey te 6° | a8 | ote Lh ee 
2 4 Ba 4 alee an ee el ee ib | o& 
3 4 t 4 ia 18 | xt } ub | & 
4 | € | fw | & | eel C [at] ge | ch | & 
5 8 $ § ds |} ro | 4h | xe Dh HE ate 
6 8 ar 3 vs || 20 | oh | x id | & 
7 i $ 2 | xsi] 2x | 4] 4 1} 
8 t a2 #, | ael~D) | ok | fe] ot Pe 
9 2 hg |i E | 4] ¢ ut | & 
y g aE § | ps || 22 | 8] 4 ra | as 
Ir t Ys a ts 23 1 a v3 I % vs 
t2 s aa $ vs F I 3 % 1 ¢ fa 
A $ t $ ps |} 24 | 14 } oe oN ae 
13 | I eae lh ss ts || 25 | 1h | oe re le 
sae ae adele ame We ai aga Ne 1 | & 
15 I 4 I tr 
B I ys I ty 


Note: 


Cutter 


Refer to table at top of page 337 for values of dimension E, 
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PROPORTIONS OF KEY HEADS 


Nos, 26 To 36 


Wuuitnry Krys AND CUTTERS. 


Kay 
ee Yenc ge Ae 
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IA 


JO gal of? 
omy hy 


ho le ko 
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Jajuad 
Mopg nD soy 


OKO erkO oro 


MO AKO onto ako 
did dd id 


nid Ae dd dH 


Mopg nD Axx 


Soy Jo mBuTIO| Se a SS 
dayjng pue fo le ke 

Sayjossouspmyy|~| 7? Tin off te TS on 
. ra rea ris rin rin ce ie 

TOHND JO PA) ) oH "ery “en “On 0 "09 09 
Bot) OH AM tWO 

pue Aoy jo "ON SONICS “6D 0D? DIIGO! CD 

hoy fe Jaa lea le 

jo pug 1 cdi ©) Phones lS ea la 0 9 rl 
TOVTE) || SEINE Nahe alsorolnaeo uso 


reokoreoriea| 


Kay jo yueTy 
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enlerar|erorirer}ea, fO nf, [t0, fro ako 
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qaleacalen cufoocae0 a a Oh 1 


HHHHAAAAA 
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<<. 


zayng 
pue Ady jo ‘ON 


PROPORTIONS OF Kry HEADS 


(STANDARD GAGE STEEL CO.) 


1k. ko enko of ko 

ned Exe" “Ee rd ite rere IH HE tote er 

HHAA aa AAMmMMNAMAH 

cabtfoo ian cafooanlon calf rilso ras caloo rsa aja0 colt on 09 loo fae ast e009 

AAmMmMaNnnantt+ttTt++ +t MHMMMMmMWHy 
mo who Kg fO pho ofO. ro oko. 15) 

ko GH slat iA tion 8h iin cot! aS Bars ip ate hlo elae. 
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TABLE FOR FinpING ToTAL Kryway Drpta 


In the column marked “Size of 
Shaft” find the number representing 
the size; then to the right find the 
column representing the keyway to be 
cut and the decimal there is the dis- 
tance A, which added to the depth of 
the keyway will give the total depth 
from the point where the cutter first 
begins to cut. 


t te 8 to 4 
Keyway Keyway Keyway Keyway Keyway 
OQHOSAR el aches ace | haps termiereleon op | Sacre: a cael See Ene 
ROQSO. al a Seteuahters «fie Clee cade ace als ofa. 5, ian Aen 
0.0254 OOM ES: DA Re rately. niniesneidincie sisson ea Sn Roe 
0.0236 SOFT Oce. IIIF, -c-s.a/aiata: sl aa Regegeas aeaticect | eae eee ee 
0.022 0.0346 GOBLIN Ae ois asic | ade comes 
0.0198 0.0314 B:O4057 fl dts ees nell ae are 
0.0177 0.0283 0.042 OlOSS3 a) ak 2) dence 
0.0104 0.0264 0.0392 O10 44 fill sates fetprere 
0.0152 0.0246 0.0365 0.0506 0.067 
0.0143 0.0228 0.0342 0.0476 0.0625 
0,01 36 0.021 0.0319 0.0446 0.0581 
0.0131 0.0204 0.0304 0.0421 0.0551 
0.0127 0.0198 0.029 0.0397 0.0522 
0.01 23 0.0191 0.0279 0.038 0.0499 
0,012 0.0185 0.0268 0.0364 0.0477 
0.0114 0.0174 0.0254 0.0346 0.0453 
O.O1T 0.0164 0.024 0.03 28 0.0429 
0.0107 0.0158 0.0231 0.0309 0.0412 
0.0105 0.0153 0.0221 0.0291 0.0395 
0.0102 0.0147 0.0274 0.0282 0.0383 
0.0099 0.0142 0.0207 0.0274 0.0371 
0.0095 0.0136 0.0198 0.0265 0.0355 
0.0093 0.013 0.019 0.0257 0.0339 
0.009 0.0127 0.0184 0.025 0.0328 
0.0088 0.0124 0.0179 0.0243 0.0317 
0.0083 0.0117 0.0173 0.0236 0.0308 
0.0078 O.O111 0.0168 0.0229 0.0299 
0.0073 0.0109 0.0163 0.0222 0.0291 
0.007 0.0107 0.0159 0.0216 0.0282 


FINDING TOTAL KEYWAY DEPTH 339 
TABLE FOR FINDING Tora, Keyway Dept 

In the column marked “Size of 

Shaft” find the number representing 

the size; then to the right find the 

column representing the keyway to be 

cut and the decimal there is the dis- 

tance A, which added to the depth of 

the keyway will give the total depth 

from the point where the cutter first 

begins to cut. 
Size t ts g vs $ 
of 
Shaft Keyway Keyway Keyway Keyway Keyway 
ats 0.0068 0.0104 0.0155 0.0209 0.0274 
2} 0.0066 0.0102 0.0152 0.0202 0.0267 
Pty 0.0064 0.0L 0.0149 0.0198 0.026 
at 0.0063 0.0098 0.0146 0.0194 0.0253 
ays 0.0061 0.0094 0.0142 0.0189 0.0247 
28 0.006 0.009 0.0139 0.0185 0.0242 
ait 0.0059 0.0089 0.0436 0.018 0.0236 
2} 0.0058 0.0088 0.0133 0.0176 0.023 
ait 0.0057 0.0086 0.0129 0.0172 0.0226 
2g 9.0056 0.0084 0.0126 0.0168 0.022 
ote 0.0054 0.0083 0,01 22 0.0164 0.0216 
3 0.0053 0.0081 0.0119 0.0161 0.0211 
375 0.0052 0.008 0.0116 0.0158 0.0207 
3¢ 0.0051 0.0078 O.0114 0.0155 0.0202 
31's 0.005 0.0076 0.0112 0.0152 0.0198 
3h 0.0049 0.0075 0.011 0.0149 0.0194 
3re 0.0048 0.0074 0.0108 0.0146 0.0191 
3% 0.0047 0.007 2 0.0106 0.0143 0.0187 
316 0.0046 0.0071 0.0104 0.014 0.0184 
3h 0.0045 0.007 0.0102 0.0138 0.018 
3r5 0.0044 0.0069 O.O10r 0.0135 0.0188 
38 0.0043 0.0067 Q.01 0.0133 0.0174 
344 0.0042 0.0066 0.0099 0.0131 0.0171 
3? 0.0042 0.0065 0.0098 0,01 28 0.0168 
344 0.0041 0.0064 0.0097 0.0126 0.0166 
3k 0.0041 0.0063 0.0096 0.01 24 0.0163 
3h O.0041 0.0062 0.0095 0.0123 0.0161 
4 0.004. 0.0061 0.0094 0.01 21 0.016 
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TAPERS FOR Keys, ETC., FROM +45 TO 1 INCH PER Foor. AMOUNT 
OF TAPER FOR LENGTHS VARYING BY } INCH 


LEncTH 


1 
Taper per Foot | 


+005 2).0078}.0104].0130).0156}.0182!.0208|.0234).0260].0286|.0312 
-0104].0156].0208).0260}.0312/.0364].0416).0468).05 20].0572|.0025 
-0156|.0234!.0312|.0390|.0468].0546|.0625).0703|.0781|.0859|.0937 
.0208].0312|.0416].05 20|.0625].07 29].0833|.0937|.1041].1145|.1250 
-0260}.0390}.05 20|.0650}.0781|.0g11|.1041|.1171|.1302|.1432|.1562 
+031 2}.0468].0625).0780].0937|.1092).1250|.1406].1562|.1718).1875 
:0364|.0546.07 26] .0911|.1093].1275].1458).1640}.1822|.2004|.2187 
-1250|.1457|.1666|.1874|.2083|.2291|.2500 
-0468].0702|.0937|.1171|.1406].1641].1875].2100|.2343|.2577|.2812 
-05 20}.0780],1041|.1301|.1562|.1823).2083|.2343|.2604].2864|.3125 
-0572|.0858].1145].1431|.1718].2004].2291).2577].2864|.3150|.3437 
-0625].0938}.1250].1563).1875].2188].2500|.2813).3125|.3438|.3750 
.0677|.1016].1354].1693|.2031|.2370|.2708|.3047|.3385|.3724|.4062 
.07 29].1094].1458}.1823].2187|.255 2|.2916].3281)|.3645|.4010|.4375 
-0781|.1172|.1562).1953|.2343|.2734|.3125|.3515|.3900|.4206|.4687 
Bees 8 Pe) Seba eer ap ae | ape ade) 3749) aa aie 


4 Chneo fe ator sfo a ones hm np a pe 
° 
> 
= 
a 
ro) 
ron 
in} 
as 
So 
o 
o 
be 
) 
> 
5 


LENGTH 


8 8h 9 


Ss ee 


Taper per Foot 


390}.0416).0442).0468}.0494|.05 20) .0546).057 2|.0598 
.0677|.0729|.0781|.0833|.0885|.0937|.0989|.1041|.1093|.1145|.1197 
-IOI5].1093].1171|.1250}.13 28].1406).1484|.1562).1640).1718|.1796 
-1354|.1458].1562).1666].1770).1875].1979|.2083|.2187|.2291|.2395 
.1692|.1822|.1952|.2083].2213/.2343|.2473|.2604|.2734|.2864|.2994 
-2031|.2187].2343|.2500|. 2656). 281 2|.2968).3125|.3281|.3437|.3593 
-2369).2552|.2734).2916}.3098) .3281/.3463).3645|.3827).4010).4192 
. 333|-3541|-3750|-3953}.4106).4374]|.4583].4791 
-3046].3 281|.3515].3750].3984|.4218!.4452|.4687|.4921|.5156|.5390 
-3385|-3645}.3905|-4106|.4426).4687|.4947|.5208).5468|.5729|.5989 
-3723}.4010|.4290|.4583].4869).5156|.5442|.5729|.6015|.6302|.6588 
-4063}.4375|.4688].5000).5313).5625|.5938].6250|.6563|.6875].7188 
-4401|.4739).5078].5416].5755|.0093).6432|.6770].7109|.7447|.7786 
.4739|.5104|.5468] .5833|.6197|.6562|.6926).7291|.7655|.8020|.8384 
-5078}.5468}.5850|.6250|.6640).7031|.7422|.7812|.8203|.8593|.8984 
-5416).5833|.6249).6666).7082|.7500|.7917|.8333|.8750|.9160|.9583 
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TAPERS AND DOVETAILS 


MEASURING TAPERS 


An Accurate Taper Gage 


Tue gage illustrated in Fig. x is an exceedingly accurate device 
for the gaging of tapers. 

It is evident that if two round disks of unequal diameter are placed 
ona surface plate a certain distance apart, two straight-edges touch- 
ing these two disks will represent a certain taper. It is also evident 


Fic. 1. — Accurate Taper Gage 


that with the measuring instruments now in use it is a simple matter 
to measure accurately the diameters of the two disks, and the dis- 
tance these disks are apart. These three dimensions accurately and 
positively determine the taper represented by the straight-edges 
touching the rolls. If a record is made of these three dimensions 
these conditions can be reproduced at any time, thus making it pos- 
sible to duplicate a taper piece even though the part may not at 
the time be accessible. 

The formulas on the following pages may be of service in connec- 
tion with a gage of this character: 
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] \t=Taper per Inch on 
a Side =.03125 


FIG, 2 


CWE INS 
SSK D6. M\(WWW 
i+ A ae =f = 
Taper per Foot =3" 
FIG. 3 


FIG. 4 


SSI QSSSS5ES 
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FIG. 5 
Applications of Taper Gage 


APPLICATIONS OF FORMULAS 343 


Formulas for Use in Connection with Taper Gage 


To find Center Distance (/), refer to Fig. 2. 


p-Bot [ate 


To find Disk Diameters, refer to Fig. 3. 


rat] e+ ow tore 


Dia. Small Disk = 27 


b 2 2 
r=t | e+e-o ~~.) 


Dia. Large Disk = 2 R 


To find Taper Per Foot (7), refer to Fig. 4. 
r Rr 
SMP = (are 


To find Width of Opening at Ends, refer to Fig. 5. 


Width of opening at Small End = 2 a. 


& i+ (R= 7) 
ET ON TERED) 


Width of Opening at Large End = 2 b. 


Applications of Formulas 


To Find Center Distance Between Disks 


Suppose there are two disks as shown in Fig. 2, whose diameters 
are respectively 1} and x inch. It is desired to construct a taper of 
= to the foot and the center distance / between disks must be deter- 


mined in order that the gage jaws when touching both disks shall 
give that taper. 


Let & = radius of large disk, or 0.625 inch. 
r = radius of small disk, or 0.500 inch. 
¢ = taper per inch on side, or 
0.750 _ : 
rk 0.03125 inch, 
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Then pa Batre e= ; 


0.125 ss 4 : 
0.03125 / 1.000976 = 4 X 1.0005 = 4.002 inches. 


To Find Disk Diameters 


Suppose the gage jaws are to be set as in Fig. 3 for a three-inch 
per foot taper whose length is to be four inches. The small end is 
to be exactly 4 inch and the large end for this taper will, therefore, 
be 14 inches. What diameter must the disks be made so that when 
the jaws are in contact with them and the distance LZ over the disks 
measures 4 inches, the taper will be exactly three inches per foot? 
Here a represents 4 the width of opening at the small end, and b one 
half the width of opening at the large end. The radius of the small 
disk may be found by the formula: 


rath e+ e-o+o-af. 
r= 222 (/ 16+ 025 + 05) 


= 0.0625 (4.0311 + 0.5) = 0.2832. 
Diameter small disk = 0.2832 inch X 2 = 0.5664 inch. 
For the large disk: 


-T\\/ e+ o-o-e-af. 
z~ 25(4/ 16 +025 ~ 05) 


= 0.1875 (4.0311 — 0.5) = 0.6621. 
Diameter large disk = 0.6621 inch X 2 = 1.3242 inches. 


To Find Taper Per Foot 


In duplicating a taper the gage jaws may be set to the model and 
by placing between the jaws a pair of disks whose diameters are 
known the taper per foot may be readily found. For example, the 
jaws in Fig. 4 are set to a certain model, two disks 0.9 and 1.1 inch 
diameter are placed between them and the distance over the disks 
measured, from which dimension / (which is 3.5 inches) is readily 
found by subtracting half the diameters of the disks. Here / repre- 
sents the center distance as in Fig. 2. To determine the taper per 
foot which may be represented by 7, the formula is: 


nnaa pate) 


WIDTH OF GAGE OPENING 345 


Then 


M4 o.T O.1 
T= 24( —2t | = 24( ) = 0.684 
V 12.25 — 0.01 3-4985 


Taper per foot = 0.684 inch. 


To Find Width of Opening at Ends 


If, with the ends of the gage jaws flush with a line tangent to the 
disk peripheries as in Fig. 5, it is required to find the width of the 
opening at the small end where a represents one half that width, 
the following formula may be applied, the disks being as in the last 
example o.9 and 1.1 inch diameter respectively, and the center dis- 


tance 3.5 inches: 
rs 1— (R—71r) 
‘ Vi + (R=7) 


Bos oe (Os Se) 
Bi eS eee 5) 


Then 


@ = 0.45 


0.45 V .94444 = .4373 


fee. Bid es 
ie eee 
45 6 


0.4373 inch X 2 = 0.8746 inch width of opening at small end of gage. 


Similarly the width of opening at the large end of the gage may be 
found as follows, where 6 = half the width of the large end. 


ee /t=e(R S17) 

ese 1— (R—-7r) 
PNP, f iekame time 
95.3.5 — (55 — 45) 


3.6 
= 0.55 /22 = 0.55 — 1.05882 = .56595 


Then 


0.56595 inch X 2 = 1.1319 inch = width of opening at large end. 
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Morse Standard Tapers 
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MORSE TAPERS, SHORT SHANKS 
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Tue STANDARD Toot ComMPANy’s STANDARD TAPER SHANKS 


ngth 
No: of Diameter | Diameter Total | Depth nee Thickness 
Taper Small End | Large End | Length oi | Hole to End of 
of Shank of Shank Shank | in Socket ae Tongue 
0) 
A B (fs D E F 
° 2406 3026 244 234 7s ys 
I 3533 4814 25 ats 1s 3 
2 5531 -7099 38 23 ts 4 
3 7529 9472 38 34 Ts 
4 9908 | 1.2438 45 43 3 i 
5 | 13-4390 | 1.7605 6% Se 3 
6 2.0038 2.5104 835 9% t 3 
7, 2.6849 3-2903 11g 10g 1} 1} 
i t Diameter Ti 
Host) oy 2] Bad ol fenuth | eee) See ae 
apeT! Keyway Keyway | Keyway | Socket Foot nch 
G H Ai 
° iy 133 5 625 05208 
I aps a 600 «05000 
2 24 i -602 .05016 
a re 3r5 I 602 .05016 
4 i 3 Is 623 .O5191 
5 4tg It 630 .05250 
6 ay 7 2} 626 .05216 
7 bes 93 23 625 .05208 


; 
| 
| 
| 
| 
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THe STANDARD Toor Company’s SHORT TAPER 


= Length 

No. cf Diameter Diameter Total Depth Tongue Thickness 
Pacer Small End | Large End | Length Hole to End of 

Pp of Shank of Shank | of Shank | in Socket Socket Tongue 

Hole 
A B C D E F 

I .378 -484 25 12 x Bt 

2 -587 -706 25 143 5 3 

§ 800 941 ats 24 c- 2 

4 1.050 1.244 34 3, 1s 3 

5 T.515 1.757 48 34 8 r 

6 2.169 2.501 63 5 3 1} 

7 2.815 3.283 9 72 i tz 
No. Width End of Length | Diameter Taper Taper 
of of Socket to of of per per 

Taper| Keyway Keyway Keyway Socket Foot Inch 

G H af K 

i .263 13 3 33 .600 £0500 
2 388 12 I 175 602 .05016 
3 «520 2 me Ips .602 .05016 
4 645 244 IF cers 623 05191 
5 I.020 Ba 2 275 .630 .052 
6 1.270 43 2k 24 626 05216 
7 1.520 7 3 -625 .05 208 


THE STANDARD TOOL CO’S. SHORT TAPER SHANKS 


Tue table shows the short taper shanks of the Standard Tool 
Company for giving a tang of increased strength. 

Sockets and sleeves are furnished, made with the outside taper 
‘o fit the regular taper of spindles of drill presses; the inner taper 
yeing suitable for the short shanks and also made with both outside 
und inside taper, conforming to the new standard, and these latter 
nterchange or nest into each other. . 
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THE REED TAPER 


Tuer F. E. Reed Company, Worcester, Mass., uses in its lathe 
spindles the 1 in 20 taper (0.6 per foot) which the Jarno system is 
based on. The diameters of the Reed tapers, however, differ from 
the Jarno, and the lengths in most cases are somewhat less. The 
dimensions are given in the table below. 


peerage hs 


F. E. Reep LATHE CENTER TAPERS 
TAPER PER FOOT = 0.6 INCH. TAPER PER INCH = 0.05 INCH 


Dia. of Small Tengthiof Dia. of Small Length of 
: = End of 
Se | pe fot Oh he Tapeesyyfy TPE 
Lathe Lathe 
A A x 
12” + 20” 1} Sis 
14” té =f 1} Sts 
16” 1} 24” 1} 53 
Special 16” 1} 27” if 54 
18” 1} 30” 2 5 


THE JARNO TAPER 


WHILE the majority of American tool builders use the Brown & 
Sharpe taper in their milling-machine spindles and the Morse taper 
in their lathes, a number of firms, among them the Pratt & Whitney 
Company, Hartford, Conn., and the Norton Grinding Company, 
Worcester, Mass., have adopted the “Jarno” taper, the proportions 
of which are given in the accompanying table. In this system the 
taper of which is 0.6 inch per foot or 1 in 20, the number of the 
taper is the key by which all the dimensions are immediately deter- 


JARNO TAPERS 355 


-mined without the necessity even of referring to the table. That is, 


the number of the taper is the number of tenths of an inch in diam- 
eter at the small end, the number of eighths of an inch at the large 
end, and the number of halves of an inch in length or depth. For 
example: the No. 6 taper is six eighths ($) inch diameter at large 
end, six tenths (;°5) diameter at the small end and six halves (3 
inches) in length. Similarly, the No. 16 taper is 14%, or 2 inches 
diameter at the large end; +§ or 1.6 inches at the small end; 48 or 
8 inches in length. A 


7, ] 
Y Uy f iy 
LT 
| 
=| 


Jarno TAPERS 


TAPER PER FOOT = 0.6 INCH. TAPER PER INCH = 0.05 INCH. 


Dia. Large End = Nong Bast 


8 
Dia. Small End = No. x Taper 
I 
No. 
Length of Taper = onen Eaper 
B 
Dia. Large} Dia. Small| Length of Dia. Large|Dia. Small}Length of 
No. End End Taper No. End End Taper 
f of 
ie Taper 
B 83 A B Cc 
I 125 .10 5 II 1.375 1,10 5-5 
2 250 +20 We 12 1.500 1.20 6.0 
3 375 +30 I.5 13 1.625 1.30 6.5 
4 500 2.0 14 1.750 1.40 47.0 
5 625 50 2.5 15 1.875 I.50 75 
6 750 60 3.0 16 2.000 1.60 8.0 
y 875 70 3.5 Saf 2.125 1.70 8.5 
8 1.000 8o 4.0 18 2.250 1.80 9.0 
9 1.125 go 4.5 19 2.375 1.90 9-5 
10 1.250 I,00 5.0 20 2.500 2,00 10.0 
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SELLERS TAPERS 
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THE SELLERS’ TAPER 
THE system of tapers used by William Sellers & Company, Inc., 
of Philadelphia, Pa., in lathes, drilling and boring machines, is 
ssiven in the preceding table. ‘The taper is } inch per foot and each 
Size of taper is splined as shown for a key the dimensions of which 


are included in the table. The pitch of the spiral for the drills used 
oy the company is also included. 


TAPER PINS AND REAMERS 


ee eee 
damnae a eccee es | op 


Taper REAMERS AND PINS 


(pRAtYT & WHITNEY CO.) 


Taper = } inch per foot or .o208 inch per inch 


= o Se f-| be 2s o Leg 
E a 2 i Sel = Bl tode wee 
é Wo wy 5 wy a 8 FI =F Shel ei me 
a Oe Og 8 Ag | eS | ae S- les od 
‘3.34 Sa8 3g 4 Ag oa. Ong ER 
: a a) bo 3 a: :a B 
-§| 8% | gaa 5 $3 | gv | sam | sa |SSds 
H| A a a a |A Ar Nie 
° fe) 135” 162” Ips” Ql 28 y’ 156” 3" 
I 140” I 79” ys” 23” 25 I 4” 17a” ay 
2 162” 200” I 18 234” | 19 I 2 19 3. 18” 
} 183” 226! 275 ie 12 at hd 21¢ 3a 
| 3 ; 3 onl Bh 3 7 5 ae sty 
| 4 20 257 28 316 3 2 “259 4 
5| 240% | .300% | 29” | 4g” t 24 -289” | 32" 
@| ror] set] ott] S| te] a | sat] Ue 
/ Z 33 2 Ua a6 oh, 415 Ors a0 3t uv os Q An 
pS} 398") 507" | 57" 15 Teste ie, (049%) vias 
roo 482” 609” | 6%” 84 ah 54 590” ie 
t Vy, , 
ey el fete Ls ere ener bcce ari gee 
[ar] 706" | 878" | 84" | 11} rp Oe a Ob i 
I2 842” | 1.050” | 10” 133” peel 8g") 1 T.013" (| Tee” 
fL3°| 1.000" ?|" 1.2507") 12” 16” Ig | tof” | 1.233” | 132” 


These reamer sizes are so proportioned that each overlaps the 
ize smaller about 4 inch 
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TABLE OF DRILL Sizes FOR TAPER Pins 


Drill Sizes for Taper Pins no L D | d poe 
The table gives the an gs ie | 
taper pins ranging in lengths by 
inch from No, 0, Fi inch long, to No. dol ¥ 0.400" 9.3820” a” 
ro, 6 inches long. The diameter of 7 uv, 2.4097 0.3777, i 
the small end of the pin for each LOWet, bags 90-3745, im 
length is given in the fourth column LO eS 0.409 0.3673% ‘, 
with the drill size in the fifth column. 7 at raphe eee a 
paket | ogo’ | ogaxet | ie 
7|3.7| ooo" | oggos” | fir 
g ‘ : -409" -3465" | an" 
Bf |r ak) Stee) See) ae 
Sd " “ a 
a ee ay Bite | ogoe | once | te 
’ { i =D_ Lensth of Pin x 25 8 1}" 0.492” 0.4608” aR” 
— 12 : at epee 0.45557 | aa” 
8 | 2 meta Saige te 
8 | 2 ir 0.492” 0.4399" | xn” 
8 | 2%” 0.492” 0.4347" | yu” 
Bela f > |Sa—[iesth pla] see | ooaees | ae 
in 4 
&+| 39” 0.492” 0.4191” | 37” 
8 | 32” 0,492” 0.4139” | 3a" 
° 2” | 0.156” | 0.1404” | 28 SoRES 0.402” 0.4087” 43” 
° xr” | 0.156” | 0.1352" | 29 8 | 43” 0.492” 0.4035” 4" 
I 2” | 0.172" | 0.1564" | 22 8 | 49" 0.492” 0.3982” 4” 
I "l-as72" | oxrstay | 24 9 | 13” 9.501” 0.5507” | yer 
I 1}” | 0.172” | 0.146 ” | 26 9 | 12 0.501" oss4s” | 99” 
2 } 0.193” | 0.1774” | 16 pra 2,501” 0.5493” | ag” 
2 xr” | 0.193” | 0.172 17 9 | 2” 0.591” 0.5441” rhe 
2 ri” | 0.193” | 0.167 18 9 | 24” 0.591” 0.5380” ay 
2 14” | 0.193” | 0.1618” | 20 9 | 2?” 0.5901” 0.533 4” 
3 ” | a.219” | 0.2034” | 6 OR | se 0.591” 0.5285 40" 
3 1 ”-| Q,219” | 0.1982” 8 9 | 3}” 0.591" 0.523, 4’ 
3 sf 0.219” | 0.193 ” | 10 9 | 34” 0.591” 0.5181 i?” 
3 x” | 0.219” | 0.1878” | 12 9 | 3" °.501" 0.5129" av’ 
3 %, 0.219” | 0.1825” | 14 ola” 0.591" 0.5077" | 3 
4 | 0.250" | 0.2344” ay” 9 | 4} 0.501" 0.5025” ge 
tg ne Si 0.250” 0.2292” ev 90/4 ia 0.501” 0.4972" 
4 14” | 0.250% | 9.224 I 9 | 437 0.591 0.4920" 
4 19” | 0.250” 0.2187” 2 CEE s 0.591” 0.4868” Ft ad 
4 13” | 0.250 9.2135" 3 9 | 5¥ o.sqr” 0.4816" ay 
4, \|4 0.250” | 0.2083’ 4 9/5 0.591 0.4764” " 
5 2” | 0.289” | 0.2734 ay” || 10 | 19” 0.706" 0.6747" 
5 ” | 0.289” | 0.2682” 1" io | 1 0.706" 0.6695” 4 
5 1}” | 0.289” | 0.263 3" Io | 2% 0.706” 0.6643” 4 
S| 1} | 0.289" | 0.2577” +" || ro | 2” °.706" 0.6591” | 4)” 
5 12” | 0.289” | 0.252 3" || 10 21. 0,706" 0.6530" j ‘A 
5 ” | 9.289" | 0 2473” ¥ || ro | 2” 0.706" 0.6487” 3 
5 1 0.289" °. 2421” a” ™ |. Foe 0.706” 0.6435” | 43” 
6 9.341" | 0.3254” a4 ro | 3}” 0.706” 0.6383” | 4 
6 2 1"G.540" | 62 3201” 43" || 10 | 3}” 0,706" 0.6331" | @ 
6 it 0.341" | 0.315 ” ts" |] 10 | 3%” 0.706" 0.6278” 
Chal i : 0.341" 0,310 . 19 | 4” 0.706” 0.6226” 4 
6/1 Ys 0.341" | 0.304 7 a ro | 4” 0.700” 0.6174” 
6 y | 2-341" | 0.2004” ay” ro | 44" 0.706" 0.6124" | 3 
6 27” | 0.341" | 0.2041 a” ro | 4)” 0.706" 0.6078” | 
6 27" | o3ar" 0.2889) 3 xo, | 5° 0.706" 0.6018” af 
6 20” 0.341" | 0, os fy 10 | 5 0.706" 0.5966" 
Omid 0.341" | 0.2785 gx” || 10 | 54” 0.706" °.5014” 
6 | 3h” | 0.341” | 0.2733 a7 |] 10 | 5 0.706” 0.5862” 
7 121" | o4 0.3881 HW || 10 | 9” 0.706” 0.581 ” | gi” 
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TAPERS AND DOVETAILS 


TAPERS FROM 7s TO 1} INCH PER Foor 
AMOUNT OF TAPER FOR LENGTHS UP TO 24 INCHES 


Length of 
Tapered Portion 


te 


va 


TAPER PER Foor 


NM 


eal 


an age ee 


i ea . cries) 
pepo, 


‘ake 


Hos 


on 


CnI AN PW DH 


o 


0002 
0003 
0007 
O10 
0013 
.0o16 
.0020 
;|.0023 
0026 
0029 
0033 
£0036 
0039 
0042 
.0046 
0049 
0052 
O104 
0156 
0208 
.0260 
0312 
0365 
0417 
0469} « 
0521 
O51 3\" 
0625}. 
0677]. 
07209]. 
0781 
0833}. 
.0885}. 
"|-0937]- 
0990}. 
1042]. 
-1094|. 
-I1 46}. 
T1998}. 
+125 


.0002| . 
.0005}. 
.OOIO}. 
.OOI5}. 
0020}. 
0024] } 
.0020)} ¥! 
0034] «! 
0039) « 
.0044| « 
0049] . 
0054] « 
.0050). 
0063}. 
0068) . 
007 3}. 
0078}. 
0156). 
0234). 
0312]. 
0301}. 
0469) « 
0547] « 
0625}. 
0703}. 
0781}. 
0859). 
0937) + 
1016}. 
1094}. 
TT 


125 


1328). 
1406}. 
1484]. 
1562). 
1641}. 
1719). 
1797)" 
1875}. 


g 


.OO1TO 
.0020 


£0039 
0059 
0078 
0098 
.O117 
0137 
0156 
0176 
0195 
0215 
0234 
.Q254 
0273 
0203 
0312 
.0625 
0937 
025 

1562 
1875 
2187 
250 

2812 
13125 
3437 
375 

.4062 
4375 
4687 
+500 

sS3t2 
5625 
5937 
625 

6562 
0875 
7187 
+750 


It 


0033 
.0065 
.0130 
0195 
.0260 
0326 
0391 
0450 
0521 
0586 
20051 
0716 
0781 
0846 
OIL 
0977 
1042 
2083 
3425 
4167 
5208 
-625 
7292 
8333 
9375 
I.O417 
1.1458 
1.250 
1.3542 
1.4583 
1.5625 
1.6667 


1.7708 


1.875 


a g i I 

.0013} .0016] .co20| .0026 

0026] .0033|} .0039] .0052 

0052] .0065| .0078] .o104 

.0078] .o098| .o117| .0156 

0104} .0130} .0156] .0208 

0130] .0163] .0195| .0260 

0156} .0195| .0234] .0312 

.0182] .0228) .0273] .0365 

.0208] .0260} .0312| .0417 

0234] .0293| .0352] .0469 

.0260] .0326) .0391| .0521 

.0286] .0358] .0430) .0573 

0312] .0391| .0469|] .0625 

.0339| .0423] .0508] .0677 

20365] .0456) .0547| .0720 

.0391| .0488] .0586) .0781 

0417} .0521| .0625] .0833 

.0833| .1042| .12 1667 

-1250| .1562] .1875] .250 

-1667| .2083] .250 | .3333 

.2083| .2604| .3125] .4167 

250 | .3125| .375 | .500 

-2917| .3646) .4375| -5833 

-3333| +4167] -500 |° .6667 

+375 | -4687) .5625| .750 

.4167| .5208] .625 | 8333 

-4583| .5729| .6875] .9167 

«500 | .625 | .750 |1.000 

5417| .6771) .8125|1.0833 

5833] -7292| .875 |1.1667 

.625 | .7812| .9375|1.250 

-6667| .8333/1.000 |1.3333 

-7083| .8854)1.0625|1.4167 

+750 | .9375|1-125 |1-500 

-7917| .9896|r.1875|1.5833|1-9792 
8333/1.0417|1.250 |1.0667|2.0833 
875 |1.0937|1.3125|1-750 |2.1875 
.9167|1.1458|1.375 |1-8333/2-2917 
.9§83/1-1970|1.4375|1-9107|2.3958 
1.000 |1.250 |1.500 |2.000 |2.500 


im 
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AND CORRESPONDING ANGLES 
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Tapers PeR Foor in INcaEs AND CoRRESPONDING ANGLES 


INcLuDED ANGLE WITH INcLUDED ANGLE WITH 
ne ANGLE Center Line |], 6 ANGLE Center Line 
Be te 
As! | ¢ , : Gs} « : . j 

B) o| oe! ¢@ | g IPS) 2 | a e| 8 

Blea Pde ha WS ile a ae a ae | oe 
Fale) 4 28k 2 ra |r A Vege LS |" 2) 2 9 
3z/o]-8] 58 }o} 4] 29 rt] 5 | 2x | 4a} 2] go | 52 
te|O} 17] 54} 0) 8) 57 irk} 5 | 57 | 48 | 2] 58 | 54 
a5 | 0 | 26 Ze ONE | 20 ies OF am 26) is) On lene 
BO} 35) 48 | of 17) Sa td) 7| 9°] to | 3] 34 fas 
5 ; 3 5 8 5 
gz|°] 44 | 44 | 0} 22 | 22 1g) 7 | 44 | 4 3} 52 ) 24 
as|°]| 53 | 44 | 0] 26] 52 |lx?] 8] 20 | 26] 4] 10 | 33 
a5 | I PPM || 325 loo igresreayl | ere al fie | ESN KS 2 | 4| 28 I 
Pelee Ee eS Aut 35. 42 201-29) 1, 3r010 36). al ase as 
gz | I] 20 | 30 | o| qo | rs lft] ro | 42 | 42 Ly (Mea |i|eec 
ois} =] 29 | 30 | 0} 44 | 45 ]23] rr | 53 | 361 5] 56 | 48 
42} 1] 38 | 22 | 0] 49 | xr |l22) 313 4.) 24 | 6 32 |lae 
$/ 1) 47 | 24/0] 53} 42 /13.).24] x5 | 0} 71 7 | go 
33/1] 56 | 24 | 0] 58 | x2 |13t) 15 | 25 | 24 | 7] 42 | a2 
qs|2!] 5 | 18/1 2 | 39 13%] 16 | 35 | 40 | 8} x7 | 50 
| 15 BYP TAw ls TO) Ne 7 8 3%] 17 | 45 | 40 | 8] 52 | 50 
Payee) (28 )| Toners hinn ease liAmler8. eacthe oss leo 27 | 44 
AZ| 2] 32 4. on 16 2 14+] 20 5 Eyal ago Rea hg 
et 2 | at 4 | I] 20} 32 4d} oar | 314 2 TON) 37 I 
431/21 50 2 ino DIE EIE G2Oe Ih Pres 8 Gy Wenscy) Same th Any 
$2") 59°) 42 |r} 2 BSN Smee Son Peroni manna 6 6 
2] 6 8 list] 2 ° 2 |t2| 20 |} 2 
$3} 3] 7 | 56] 1) 33 | 58 |l5t] 24 | 40°] 4 I 
ae} 3] 16 | 54 | x} 38 | 27 Ish] 25 | 48 | 48 | 22] 54 | 24 
$23] 25 | 50 | t| 42 | 55 [15] 20 | 56 | 46 | 13] 28 | 23 
#) 3] 34 | 44 | 2] 47 | 22 16 | 28 4 2) Wr agniannce I 
$3|3| 43 | 44 | 2] 5x | 52 64] 20 | xr | 34 [24] 35 | 47 
te | 3 2*) 38 | | 56 | to |164| 30 | 18 | 26 {is] o 13 
$414 ib) Meee Cote a) o | 48 |/62] 31 | 25 2 |15| 42 | 31 
4) 4] 10 | 32 |. 2 Karo age 1) 3t | or2 0 76\\" Tas e6 
$2|4| 19 | 34] 2] 9 | 47 |/74] 33 | 36 | 40 [x6] 48 | 20 
13) 4| 28 | 24 | 2] 14 | x2 74| 34 | 42 | 30 117] 2 15 
32/4 | 37 | 20 | 2] 18 | 40 |l72) 35 | 47 | 32 [17] 53 | 46 
8 | 36 | 52 | 12 |18] 26 6 


362 TAPERS AND DOVETAILS 


TABLE FOR COMPUTING TAPERS 


The Tabulated Quantities = Twice the Tangent of Half the Angle. 


Deg. lo 10° 20° 30° 40° 50° 60° 
o | .00000] .00290|] .00582] .00872| .o1164] .01454| .01746 
rt | .01746| .02036| .02326] .02618] .o2910] .03200] .03492 
2 | .03492| .03782| .04072| .04364| .04656| .04946] .05238 
3.| .05238| .05528| .05820| .o6110! .06402} .06692| .06984 
4 | .06984] .07276| .07566| .07858| .o8150] .08440] 08732 
5 08732] .09024] .09316| .09606} .09898| .1o1g0| .10482 
6 | .10482] .10774| .11066] .11356| .11648] .11940| 12232 
4 | .¥223a| .12524| .12816| .13108| .13400] .13694] .13986 
8 | .13986| .14278] .14570] .14862] .15156| .15448| .15740 
9 15740] .16034] .16326] .16618] .16912] .17204} .17498 
10 | .17498| .17790| .18084| .18378| .18670| .18964] .19258 — 
tr | .19258] .19552] .19846| .20138| .20432] .20726| .21020 — 
12 | .21020| .21314| .21610] .21904| .22198| .22492| .22788 — 
13 | .22788| .23082] .23376| .23672| .23966| .24262|] .24556 | 
14 | .24556] .24852| .25148| .25444] .25738| .26034] .26330 
15 | .26330| .26626| .26922| .2y218| .27516| .27812] .28108 
16 | .28108| .28404] .28702| .28998| .29296| .29592| .29890 : 
17 | .29890| .30188| .30486] .30782] .31080| .31378| .31676 
18 | .31676| .31976| .32274| .32572] .32870| .33170 “33408 
19 | -33468] .33768] .34066] .34366| .34666] .34966] .35266 
20 | .35266| .35566| .35866| .36166] .36466| .36768| .37068 
2x | .37068| 37368] .37670| .37972| .38272| .38574| .38876) 
22 | .38876| .39178| .39480| .39782] .40084] .40388} .4o6go 
23 .40690] .40994| .41296| .41600] .41904] .42208] .42512 
24 | .42512| .42816| .43120| .43424| .43728] .44034|] 44338 
25 | .44338| .44644] .44950| .45256] .45562| -45868] .46174 
26 | .46174| .46480] .46786] .47094] 47400] .47708] .48016 
27 | .48016| .48324| .48632] .48940| .49248] .49556 .49866° 
28 | .49866| .50174| .50484| .50794] -51004| -51414| .51724° 
29 | .51724| .52034| .52344| -52656| .52066| .53278| .53590) 
3° | -53590| -53902| .54214| -54526] -54838] 55152] .55464 
31 | -55464| .55778| .56092| .56406|] .56720| .57034] -5735' 
32 | .57350] 57664] .57980| .58294] .58610] .58926] .5924) 
33 | -59242] .59560| .59876| .60194| .60510} .60828] .6r14! 
34 | .61146| .61464| .61782| .62102| .62420| .62740] .630 
35 | -63060| .63380| .63700] .64020] .64342] .64662| .6408, 
36 | .64984| .65306| .65628| .65950] .66272] .66596] .6692 
37 | -66920| .67242] .67566| .67890| .68216| .68540} .688' 
38 | .68866| .69192| .69516| .69844| .70170] .70496| .7082. 
39 | .70824| .71152| .71480| .71808| .72136| .72464| .7271 
40 | .72794| -73124| -73454| -73784| -74114| .74446| .7477 
41 | .74776| .75108| .75440| .75774| -76106| .76440| .767 
42 | .76772) .77106| .77442| .77776| .78110] .78446| . 
43 | -78782| .79118| .79454] .79792]| .80130| .80468 
06} 81144] .81482| .81822| 82162] 82502 
.83184| .83526| .83866| .84210| .84552 
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TABLE FOR COMPUTING TAPERS 


303 


The Tabulated Quantities = Twice the Tangent of Half the Angle. 


Deg. ro 10° 20° 30° 40" 50’ 60° 
46 | .84894| .85238| .85582| .85926] .86272| .86616| .86962 
47 | .86962] .87308! .87656} .88002} .88350]| .88698| .89046 
48 | .89046] .89394| .89744| .90094} .90444| .90794| .91146 
49 | .91146} .91496| .91848] .92202] .92554] .92908] .93262 
50 | .93262] .93616] .93970] .94326] .94682] .95038] .95396 
5I } .95396| .9§752] .96110] .96468] .96828}] .97186| .97546 
2 | 97546] .97906| .98268] .98630] .98990] .99354| .99716 
53 | -99710| 1.00080 | 1.00444 | 1.00808 | 1.01174 | 1.01538 | 1.01906 
54 | 1.01906 | 1.02272 | 1.02638 | 1.03006 | 1.03376 | 1.03744 | 1.04114 
55 | 1.04114 | 1.04484 | 1.04854] 1.05226] 1.05596] 1.05970 | 1.00342 
56 | 1.06342 | 1.06716] 1.07090 | 1.07464 | 1.07840 | 1.08214 | 1.08592 
57 | 1.08592 | 1.08968 | 1.09346 | 1.09724 | 1.10102 | 1.10482 | 1.10862 
58 | 1.10862 | 1.11242 | 1.11624 | 1.12006] 1.12388 | 1.12770 | 1.13154: 
59 | 1-13154| 1.13538 | 1.13924 | 1.14310 | 1.14696| 1.15082 | 1.15470 
60 | 1.15470 | 1.15858 |'1.16248 | 1.16636 | 1.17026] 1.17418 | 1.17810 
6r | 1.47810 | 1.18202 | 1.18594 | 1.18988 | 1.19382 | 1.19776| 1.20172 
62 | 1.20172 | 1.20568 | 1.20906 | 1.21362 | 1.21762 | 1.22160| 1.22560 
63 | 1.22560] 1.22960 | 1.23362 | 1.23764] 1.24166] 1.24570 | 1.24974 
64 | 1.24974] 1.25378] 1.25784 | 1.26190 | 1.26598 | 1.27006 | 1.27414 
65 | 1.27414 | 1.27824 | 1.28234 | 1.28644 | 1.29056} 1.29468 | 1.29882 
66 | 1.29882 | 1.30296] 1.30710] 1.31126] 1.31542 | 1.31960 | 1.32378 
67 | 1.32378 | 1.32796 | 1.33216] 1.33636] 1.34056 | 1.34478 | 1.34902 
68 | 1.34902 | 1.353260] 1-35750| 1.36176] 1.36602 | 1.37028} 1.37456 
69 | 1.37456] 1.37984 | 1.38314 | 1.38744 | 1.39176 | 1.39608 | 1.40042 
70 | 1.40042 | 1.40476] 1.40910 | 1.41346 | 1.41782 | 1.42220] 1.42658 
7I | 1.42658 | 1.43098 | 1.43538 | 1.43980 | 1.44422 | 1.44864 | 1.45308 
72 | 1.45308 | 1.45754 | 1-46200 | 1.46646 | 1.47094 | 1.47542 | 1.47992 
73 | 1-47992 | 1.48442 | 1.48894 | 1.49348 | 1.49800 | 1.50256] 1.50710 
74 | 1.50710| 1.51168 | 1.51624 | 1.52084 | 1.52544 | 1.53004 | 1.53466 
75 | 1.53466] 1.53928 | 1.54392 | 1.54856| 1.55322 | 1.55790| 1.56258 
76 | 1.56258 | 1.56726| 1.57196| 1.57668 | 1.58140 | 1.58612 | 1.59088 
47 | 1.59088 | 1.59562 | 1.60040 | 1.60516 | 1.60996 | 1.61476 | 1.61966 
78 | 1.61956| 1.62440 | 1.62922 | 1.63406 | 1.63892 | 1.64380 | 1.64868 
79 | 1.64868 | 1.65356 | 1.65846 | 1.66338 | 1.66830 | 1.67324 | 1.67820 
80 | 1.67820 1.68316] 1.68814 | 1.69312 | 1.69812 | 1.70314 |. 1.70816 
81 | 1.70816] 1.71320 | 1.71824 | 1.72332 | 1.72836 | 1.73348 | 1.73858 
- 82 | 1.73858 | 1.74368 | 1.74882 | 5.75396] 1.75910 | 1.76428 | 1.76946 
83 | 1.76946 | 1.77464 | 1.77984 | 1.78506 | 1.79030] 1.79554] 1.80080 
_ 84 | 1.80080 | 1.80608 | 1.81138 | 1.81668 | 1.82198 | 1.82732 | 1.83266 
— 685 | 1.83266] 1.83802 | 1.84340 | 1.84878 | 1.85418 | 1.85960 | 1.86504 
~ 86 | 1.86504 | 1.87048 | 1.87594 | 1.88142 | 1.88690 | 1.89240 | 1.89792 
87 | 1.89792 | 1.90346 | 1.90902 | 1.91458 | 1.92016] 1.92576] 1.93138 
— 88 | 1.93138 | 1.93700 | 1.94266 | 1.94832 | 1.95400 | 1.95968 | 1.96540 
| 89 | 1.96540] 1.97112] 1.97686 | 1.98262 | 1.98840] 1.99420 | 2.00000 
go | 2. 


Refer to page 364 for explanation of table. 


364 TAPERS AND DOVETAILS 


TABLE FOR USE IN COMPUTING TAPERS 


IN the table on pages 362 and 363 the quantities when expressed in 
inches represent the taper per inch corresponding to various angles 
advancing by ro minutes from 10 minutes to godegrees. If an angle is 
given as, say, 274 degrees and it is desired to find the corresponding taper 
in inches, the amount, 0.4894 may be taken directly from the table. 
This is the taper per inch of length measured as in Fig. 6, along the 
axis. The taper in inches per foot of length is found by multiplying 


4 
Fic. 6. — Taper per Inch and Corresponding Angle 


the tabulated quantity by 12, and in this particular case would be 
0.4894” X 12 = 5.8728". Where the included angle is not found 
directly in the table, the taper per inch is found as follows: Assume 
that the angle in question is 12} degrees, then the nearest angles in the 
table are 12° ro’ and 12° 20’, the respective quantities tabulated under 
these angles being 0.21314 and o.21610. The difference between 
the two is 0.00296, and as 12}° is half way between 12° 10’ and 
12° 20’ one half of 0.00296, or 0.00148 is added to 0.21314, giving 
0.21462” as the taper of a piece 1 inch in length and of an included 
angle of 12} degree. The taper per foot equals 0.21362” KX 12 = 
2.5034”. 


TABLE FOR DIMENSIONING DOVETAIL SLIDES AND GIBS 


Tue table on page 365 is figured for machine-tool work, so as to 
enable one to tell at a glance the amount to be added or subtracted in 
dimensioning dovetail slides and their gibs, for the usual angles up 
to 60 degrees. The column for 45-degree dovetails is omitted, as A 
and B would, of course, be alike for this angle. 

In the application of the table, assuming a base with even dimen- 
sions, as in the sketch Fig. 7, to obtain the dimensions x and y of 
the slide Fig. 8, allowing for the gib which may be assumed to be 
4 inch thick, the perpendicular depth of the dovetail being § inch, 
and the angle 60 degrees, look under column A for § inch and it 
will be found opposite this that B is 0.360 inch, which subtracted 
from 2 inches gives 1.640 inches, the dimension x. To find y first 
get the dimension 1.640 inches, then under the column for 60-degree 
gibs (where C is } inch), D is found to be 0.289 inch, which is added 
to 1.640, giving 1.929 inches. 

In practice this dimension is usually made a little larger, say to 
the nearest 64th, to allow for fitting the gib. 
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TABLE FOR DIMENSIONING DOVETAIL SLIDES AND GIBS 


B B B Cc D D D D 


gy” 018”! .022"| .o24"|| 4” aA ioeTGe” | 2.003"| tO 
053" 385” .216"| .228”) .244”| .264” 
O72" 087") .r05"|| 4” .289”|  .305”|  .326”| .353” — 
1447) .r75”| .210"| Pa” -361”| .381”| .407”| .442” 
216") .262"| 314"). 3” 433”| .4577| .489"| .530) 
.288”| .350”| .420"| 4” S777 CLO") On ater or” 
AG TAS 25Clh Vets R721 1efO2) OLS eeOoRe 
YS rl As al nyo I ad 866"! .915”| .979”| 1.060 


505”| .612”) .734”| ¥” 1.010"| 1.067”) 1.142!) 1.237 
1.305”] 1.414! 


1.588”| 1.925” 


I.732”| 2.100 


2.020”| 2.450” 
2.308”| 2.800” 


2.598”| 3.150” 


2.885”| 3.501” 
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MEASURING EXTERNAL AND INTERNAL DOVETAILS 


Tue accompanying table of constants is for use with the plug 
method of sizing dovetail gages, etc. The constants are calculated 
for the plugs and angles most in use; and to use them a knowledge 
of arithmetic is all that is required. The formulas by which they 
were obtained are added for the convenience of those who may have 
an unusual angle to make. 
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Fic. 9. — External and Internal Dovetails 


T 


As an example of the use of the table, suppose that Z, Fig. 9, is the 
dimension wanted, and that the dimension A and the angle a are 
known. A glance at the formulas above shows that Z = A — D, 
Then the constant D corresponding to the size of plug and the angle 
used is subtracted from A and the remainder equals Z. For instance, 
if A = 4”, the plug used = }”, and the angle = 30 degrees, then 
Z=A—D= 4" — 1.0245” = 2.9755". 
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_ If A is not known but B and C are given, according to the formula 
ibelow the table A = B+ C F. Then if B = 3.134”, C= 2, 
and the angle is 39, degrees, as before, Ad = B+ CF = 3.134” vi 
0-75" X 1.1547) = 4”, whence Z can be found, as already shown. 

If the corners of the dovetail are flat, as shown in Fig. 9 at J and 
»G, and the dimensions J and H and the angles are known, it will be 
| found from the formulas below the table that A also = J + HF; 

so that if I = 3.8557”, H = }”, and the angle = 30 degrees, then 
A=I+ HF = 3.8557” + (.125” X 1.1547) = 4”, from which Z is 
found as before. 


| 


CONSTANTS FOR DovETAILS 


Plug 60° 55° 50° 45° 40° 35° 30° 
4” | D | 1.1830] 1.0429] .9 368 8535 -7861 +7302 6830 
E| .3r70} .3233] 340 | .3536'| 436664)" 380 3943 
# | D | 2.7745| 1.5643] 1.4053 | 1.2803 | 1.1792 | 1.0954 | 1.0245 
E|} 4755] -4932| «5115 | -5303 | +5499 | 5702 | «5915 
¥” | D | 2.3660} 2.0858) 1.8730 | 1.7070 | 1.5722 | 1.4604 | 1.3660 
E| .6340] .6576| .6820 | .7072 | .7332 | .7603 -7886 
2” | D | 3.5490] 3.1286] 2.8106 | 2.5606 | 2.3584 | 2.1903 | 2.0490 
E| .9510} .9864} 1.0230 | 1.0606 | 1.0998 | 1.1404 | 1.1830 
F | 3.4641] 2.8563] 2.3836 2 | 1.6782 | 1.4004 } 1.1547 


A=B+CF=I1+ HF 
B=A-— CF=G-— HF 


E = P( cot eae) +P 


go—a 


D =P (cot 


F =2 tana 
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TOOL FOR LAYING OUT ANGLES ACCURATELY 


Tue bevel gage here shown is for laying out angles accurately. 
In using this gage set a vernier caliper or large “micrometer” to 
twice the sine of half the angle desired, multiplied by ten, add one 


Se ee aa Bes 


£O aS 


half inch and open the gage till it fits the vernier; this gives the angle 
within the limits of the measuring tool and the radius of the gage. 
The eighth-inch hole in the center is for a setting plug when it is 
desirable to lay out an angle from a given center. 

The table gives the measurements over the half disks required for 
setting the arms of the gage to give any angle from 1 to 45 degrees, 
and also the setting for any number of holes in a circle from 3 to 22. 


Taste For Serrinc Toot For Layinc Our ANGLES 


Gace Serrinc For Even DEGREES 

Measure- | Angle | Measure- | Angle} Measure- | Angle} Measure- 

ment Over | De- | ment Over | De- | ment Over | De- | ment Over 
Disks grees Disks grees Disks grees Disks 


Angle 
Degrees 


0.6746 | 12 | 2.5906 | 23 | 4.4874 | 34 | 6.3474 


I 
2 0.8490 LSnit » 2.1704. 24 4.6582 35 6.5142 

3 1.0236 | 14 2.9374 25 4.8288 36 6.6804 

4 1.1980 | 15 3.1100 26 4.9980 37 6.846 

5 L.372a:)|, 10 3.2834 27 5.1690 38 7-O114 

6 1.5468 | 17 3.45602 28 5.3384 39 7.1762 

7 n7aro, |) 1S 3.6286 29 5.5170 40 7.3404 

8 1.8952 | 19 3.8010 30 5.0764 41 7.5042 

9 2.0692 | 20 3.9730 31 5.8448 42 7.0674 

10 2.2432 21 4.1448 32 6.0128 43 7.830 
II 2.4170 22 4.3162 33 6.1804 44 7-9922 
45 | 8.1536 

Gace Serrincs For Hores in a Circe 

: py fe i I 0. of oe No. of “ <4 
Holes in borg so — peat eiiee es ment Over ag sat Ove 

Circle Disks Circle Disks Guns Disks Circle isks 


3 17.8206 8 8.1536 13 5.2864 18 3-9730 
4 | 14.6422 9 | 7:3404 | 14 | 4.9504 | I9 | 3.7918 

5 12.2558 | 10 6.6802 15 4.6582 20 3.0286 
6 

7 


10.5 It 6.1346 16 4.4018 21 3.4808 
9.1776 | 12 5.6762 17 4.1750 22 3.3402 
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STANDARD JIG PARTS 
Drill Bushings 


Wen drilling and reaming operations are to be performed in 
the same jig, two slip bushings, one for the drill and the other for 

_ the reamer, should be used; if the jig is to be used for a large num- 
ber of parts, the hole for the bushings should in turn be bushed 


with a steel lining to prevent wearing. The soft cast-iron will wear 


rapidly if this is not done, and the jig will soon have to be rebored 
and rebushed. 


Fic. Fic. 2 
Loose Bushings Fixed Bushings 
LoosE BusHincs Fixep BusHincs 
A B Cc D E G H A B (S 
No. 52 t 16 a 1s Ts ts || 52 t is 
No. 30 15 g t $ g vs || 3° te | ts 
No. 12 3 g 18 1s tt 18 12 3 v5 
t H 2 15 4 ts | us 4 ¥ ¥ 
16 6 16 Fs 16 i 
1A he le eee oe ce 
16 to ts ry & I , 16 16 a & 
2 my $ is 16 Izs | vs $ 4% | tt 
is i3 4 | | te | ye en, | tae lee 
§ gE Cel] eee |p Sap lleetinh ent Epa ore 
i | x 4 | xt Ee eos 43) dé) i 
PR ELA PLE] ala 
6 IT Ty 1s i¢ I 16 16 | 
$ 1} 1% $ 175 1g ts A 1g té 
+ 2S S| he aS fool ica we te | ts Té | Ins |r 
I 1g 1} eoyiteyer [te ate || rt |t 
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Three different styles of bushings with their dimensions are shown 
in Figs. r, 2 and 3. These can be blanked’ out in quantities and 
finished to required sizes as needed, and should be made of tool 
steel. Allowances should be made in the blanks for grinding and 


Fic. 3. — Fixed Bushings 


lapping after hardening. Fig. 1 shows a slip bushing; Fig. 2 a 
stationary bushing, and Fig. 3 a stationary bushing where tools with 
stop collars are to be used. Such bushings as shown in Figs, 2 and 
3 are also used for linings for slip bushings. 
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Fic. 4 : Fic. § 
Collar-Head Jig Screws. Winged Jig Screws 


D |Thrd| L T h|m]|H]|} M Ss 'p Thrd.| H| L st 


glets | qa wala lela stale fy 

18 | 1 § | ys te| 4 | irs iite| 18 |x| 2 i 

@ | 16 | 14 4 L van A f $1.26 14.) seis 
2 I 2 

ee Recaha ange ee) 4 | db | ak 


JIG STRAP DIMENSIONS ype 


Binding Screws 


Binding-screws should be made in various sizes and with threads 
jo conform to the standard taps with which the shop is provided. 
When drills of a very large size are used, a screw with a square or 
‘hexagon head is best, as the work requires firm clamping. If the 
drills used are small, a winged screw will be sufficient and more con- 
venient, as it will require less time to manipulate. Some good screws 
‘for clamping straps are shown in Figs. 4 and 5. Of course the screws 
can be made of any length desired. 

When the work is to be held against the seat or a stop by means 
of a set-screw, such screws as shown in Figs. 6 and 7 will be found 
‘wery useful. If, however, the work is very light, a wing screw can 
‘be used. 


|. s_—__ 
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D |Thrd.| L h G H Ss | D |Thrd.| L WwW d 
t}ao}r lela} | 4 [rt 4 | 20] 8) 040] 
wl (2 lilt i fe [ate] ke | 28 |e [os] 
I I 3 $1 % |x$ I I as 
ve| 4 | rh-lys| os] Pe | ve [x8 xs | x4 | oh] eel 
4| 13 | 14 |4 | ae] 32 | 2 | 2 ee alle helen ate ots es 
Fic. 6 Fic. 7 
Square-Head Jig Screws Headless Jig Screws 


Supporting Screws 


the thrust of drills when the work is of such a nature that it cannot be 


| 
_ Figs. 8 and 9 show screws that are useful in supporting work against 
! supported otherwise. 


| 
Locking Screws 


_ Acconvenient hinge-cover locking screw is shown in Fig. ro. This 
| screw, when used, should be adjusted so that only a quarter turn will 
| be needed to clamp or release the cover, which should be slotted 
ito admit the head of the screw. 
The different sizes of the styles of screws shown are not only used 
with drilling jigs, but are equally useful with other jigs and fixtures. 
These screws should be made of screw stock and case-hardened. 
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Nurled-Head Jig Screws Nurled-Head Jig Screws 


Strap Dimensions | 


A convenient strap to use with these jigs is shown in Fig. 11. The | 


straps should be made of bessemer steel and case-hardened after — 
finishing. The slot G can be located in the proper position and made 
of such dimensions as to allow the strap io be slipped back out of 
the way when work is being placed in and taken from the jig. 
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HANDLES AND KNOBS 


Section y-y 


(Pratt & Whitney Co.) 
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HANDLES FoR HAND-WHEELS 
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BALL HANDLES 


Batt HANDLES 
(Pratt & Whitney Co.) 


Center Ball 
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BINDER HANDLES 


Dia. of Tap 
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SINGLE End BALL HANDLES. (Walcott & Wood) 
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HOOK BOLTS 
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COUNTERBORES WITH INSERTED PILOTS 
COUNTERBORES WITH INSERTED PILOTS 
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DIMENSIONS OF STANDARD PLUG AND RING GAGES 
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RADIAL BALL BEARINGS 
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Tue erection of a perpendicular by the construction of a triangle 
whose sides are respectively 3, 4 and 5 units in length is a familiar 
and handy device. The following table gives a greater range of 
choice in the shape or proportions of the triangle employed. The 
table is a list of all integral, or whole-number, right-angled triangles 
the units of whose least sides do not exceed 20. 


Hight | Base Hypot- Hight Base Hypot- Hight Base Hypot- 


24 26 16 30 34 
60 61 16 63 65 


enuse enuse enuse 
3 4 5 12 16 20 17 144 195 
5 12 13 12 35 37 18 24 30 
6 8 ako) 13 84 85 18 80 82 
7 24 25 14 48 50 19 180 181 
8 15 7 15 20 25 20 21 20 
9 12 15 15 36 39 20 48 52 
9 40 41 15 112 113 20 99 IOI 
° 
I 


HoH 


TABLE OF CHORDS 


To construct any angle from the table of chords, page 388: Let the 
required angle be 36° 38’; the nearest angles in the table are 36° 30’ and 
36° 40’, and the chords are respectively 0.6263 and 0.6291, the differ- 
ence 0.0028 corresponding to an angular difference of 10’. To find 
the amount which must be added to 0,6263 (the chord corresponding 
to 36° 30’) in order to obtain the chord for a 36° 38’ arc, multiply 
0.0028 by yo = 0.00224. 0,6263 + 0.00224 = 0.62854. Then, if the 
radius is 1” and the angle 36° 38’ the chord will be 0.62854”. 

. ~s 


cZ 


In laying out an angle as in the accompanying illustration a base 
line A B can be drawn, say 10 inches long, then with a radius A B 
and center A, arc B C can be struck. Multiply chord 0.62854 inch 
by ro giving 6.2854 inches, as the radius of an arc to be struck from 
center B and cutting arc B C at C. Through point C draw a line 
A C and the angle B A C will equal 36° 38’. 

Where the angle required is in even degrees or sixths of degrees 
(as 10’, 20’, etc.) the corresponding chord may be taken directly from 
the table. A roto 1 layout is particularly convenient as the multi- 
plication of the tabulated chords by 1o is readily performed mentally, 
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TABLE OF CHORDS 
THE TABULATED QUANTITIES = TWICE THE SINE OF HALF THE ARC 


Deg. of 10" 20° 30" 40" 50 60’ 
© | .c000 0029 .0058 | .0087 0116 | .o145 0174 
t | .or74. | .0204 | 10233 | .0262 | .029x | .0320 | .0340 
2 | 0349 .0378 | .0407 0436 | .0465 10494 | .0523 
3 | .0523 | .0553 | .0582 | .o6r1 .0640 | .0669 | .0698 
4 | .0698 | .0727 | .0756 | .0785 | .o814 | .0843 | .0872 
5 | .0872 | .ogor 00930 | .0959 | .0988 | .10r7 | .1047 
6") .1047'*|| .1076) |" 10g | err34 | 12637) rxgz |) 1225 
y | 0222 -I250 | .1279 1308 1337 -1366 | .1395 
8 | .1305 1424 1453 1482 EGET 1540 1569 
9 15 1598 1627 1656 | .1685 7rd) 4.0743 

Io | .1743 1772 1801 1830 | 1859 "|, .188S> |)" .1927 


Ir | 1917 -1946 -1975 +2004 2033 -2062 -2090 
I2 | .2090 2119 2148 amy 2206 +2235 2264 
Tzu 2264 -2293 2322 +2351 2380 +2409 2437 
14 | 2437 +2466 | .2495 +2524 | .2553 2582 2010 
15 | .2610 | .2639 | .2068 | .2697 | .2726 | .2755 | -2783 
16 | .2783 2812 2841 2870 | .2899 | .292 2950 
17 | .2956 | .2985 +3014 3042 +3071 +3100 | .3129 
ZS | 3129. |, .3357, | .3186.| ,-3255 | 23243 |) 23272.) . 3305 
19 | .330r | -3330 | -3358 | -3387 | -3416 | .3444 | -3473 
20 | .3473 | -3502 | .3530 | -3559 | -3587 | .3616 | .3645 
at | .3645 | .3673 | .3702 | .3730 | -3750 | -3788 | .3816 
22 | .3816 | .3845 | -3873 | -3902 |. 3930 | -3059 | -3087 
23 | .3987 4016 -4044 4073 4101 4130 4158 
24 | .4158 | .4187 | .4215 4243 4272 -4300 | .4329 
25 | -4329 | -4357 | -4385 | -4414 | -4442 | -4471 | -4499 
26 | .4499 4527 4556 4584 4012 4041 4669 
27 | 4069 | .4697 | -4725 | -4754 | -4782 | .4810 | .4838 
28 | .4838 4867 4895 4923 4951 -4979 5008 
29 | «5008 | .5036 | .5064 | .so92 | .5120 | .5148 | .5176 
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TABLE OF CHORDS 
THE TABULATED QUANTITIES = TWICE THE SINE OF HALF THE ARC 


Deg. of 10 20' 30° 40’ 50° 60’ 


46 7815 -7841 -7868 7895 7921 -7948 1975 
47 7975 oor 8028 | .8055 | .808r 8108 | .8135 
48 8135 S161 8188 | S82r4] .824r 8267 | .82904 
49 8294 | .8320 8347 8373 8400 | .8426} 8452 
50 8452 8479 8505 8531 8558 8584 | .86r0" 
Sr 8610 | .8636 8663 8689 8715 8741 8767 
52 8767 8793 8820 8846 8872 8898 8924 
53 8924 | .8950 8976 .goo2 9028 9054 | .go80 
54 .go8o .gto6 Q132 O157 9183 9209 9235 
55 9235 .g20r .9286 9312 9338 9304. 9389 
56 | .9389 | .94t5 | 9441 | .9406] 9492] 9518 | .9543 
57 | -9543 | -9569 | -9594] 9620] .9645 | 9671 | .9696 
58 | .9696] .9722 | -9747| 9772 | -9798 | 9823 |  .9848 


59 | -9848 | .9874 | .9899 | -9924] 9949 | -9975 | 1.0000 
60 | 1.0000 | 1.0025 | 1.0050 | 1.0075 | I.0100 | 1.0126 | I.orst 
61 | r.orsr | 1.0176 | 1.0201 | 1.0226 | 1.0251 | 1.0276 | 1.0301 
62 | 1.0301 | 1.0326 | 1.0350 | 1.0375 | 1.0400 | 1.0425 | 1.0450 
63 | 1.0450 | 1.0475 | 1.0500 | 1.0524 | 1.0550 | 1.0574 | 1.0598 
64 | 1.0598 | 1.0623 | 1.0648 | 1.0672 | 1.0697 | 1.0721 | 1.0746 
65 | 1.0746 | 1.0770 | 1.0795 | 1.0819 | 1.0844 | 1.0868 | 1.0893 
66 | 1.0893 | r.0917 | 1.0941 } 1.0966 | I.0g90 | I.10T4 | 1.1039 
67 | 1.1039 | 1.1063 | 1.1087 | I.1rx4r | 1.1135 | I-1159 | 1.1184 
68 | r.1r84 | 1.1208 | 1.1232 | 1.1256 | 1.1280 | 1.1304 | 1.1328 
69 | 1.1328 | 1.1352 | 1.1376 | 1.1400 | 1.1424 | 1.1448 | 1.1471 
7o | t.147r | 1.1495 | 1.1519 | 1-1543)| 1.1567 | T-1590 | 1.1614 
ar | r.16r4 | 1.1638 | 1.1661 | 1.2685 | 1.1708 | 1.1732 | 1.1756 
42 | 1.1756 | 1.1780 | 1.1803 | 1.1826 | 1.1850 | 1.1873 | 1.1896 
73 | 1.1896 | 1.1920 | 1.1943 | 1.1966 | 1.1990 | 1.2013 | 1.2036 
74 | 1.2036 | 1.2059 | 1.2083 | 1.2106 | 1.2129 | 1.2152 | 1.2175 
75 | 1.2075 | 1.2198 | 1.2221 | 1.2244 | 1.2267 | 1.2290 | 1.2313 
76 | 1.2313 | 1.2336 | 1.2360 | 1.2382 | 1.2405 | 1.2427 | 1.2450 
77 | 1.2450 | 1.2473 | 1.2496 | 1.2518 | 1.2547 | 1.2564 | 1.2586 
7 1.2586 | 1.2609 | 1.2631 | 1.2654 | 1.2677 | 1.2699 | 1.2721 
79 | 1.2721 | 1.2744 | 1.2766 | 1.2789 | 1.2811 | 1.2833 | 1.2856 
80 | 1.2856 | 1.2878 | 1.2900 | 1.2922 | 1.2945 | 1.2967 | 1.2989 
81 | 1.2989 | 1.3011 | 1.3033 | 1.3055 | 1.3077 | 1-3099 | 1.3121 
82 | 1.3121 | 1.3143 | 1.3165 | 1.3187 | 1.3209 | 1.323% | 1.3252 
83 | 1.3252 | 1.3274 | 1.3296 | 1.3318 | 1.3340 | 1.3361 | 1.3383 
84 | 1.3383 | 1.3404 | 1.3426 | 1.3447 | 1.3469 | 1.3490 | 1.3512 


85 | 1.3512 | 1.3533 | 1-3555 | 21-3576 | 1-3597 | 1-369 | 1.3640 
86 | 1.3640 | 1.3661 | 1.3682 |-1.3704 | 1.3725 | 1.3746 | 1.3767 
87 | 1.3767 | 1.3788 | 1.3809 | 1.3030 | 1.3851 | 1.3872 | 1.3893 
88 | 1.3893 | 1.3914 |°1-3935 | 1-395 | 1-3977 | 1-3997 | 1.4018 
89 | 1.4018 | 1.4039 | 1.4060 | 1.4080 }| I.410I | 1.4121 | 1.4142 
go | 1.4142 
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TABLE FoR SPACING HOLES IN CIRCLES 


4 g + 2 zg g i 
2 ° 
2 * Q 6 * : a 3 i) d + é el re) 
Aap < Ss 3.3 64 $4 Sg 64 
8G ‘3 <8 4a < . ¢ Pra 
E:| 8 
gh Ens] Bika Maa bo’ 3 
3 | 120 866 | 1.732 | 2.598 | 3.464 | 4.330 | 5.196 
4| 90 707 | x.4rq | 2.121 | 2.828 | 3.536 | 4.243 
Ce ee 588] 1.276 | 1.763 | 2.351 | 2.938 | 3-527 
6 | 60 +500 | 1.000 | 1.500 | 2.000 | 2.500 | 3.000 
7 | 51°25’ | .434 868 | 1.302 | 1.736 | 2.170 | 2.604 
8] 45 .383 Geib 1.148} Tg gre th 1:9R9 02-2068 
9 | 40 +342 684 | - 1.026" | 1.368 | 1-7TO" | 2.052 
10 | 36 +309 618 927 | 1.236 | 1.545 | 1-854 
11 | 32% 43/ | -282 +564 845 | 1.127 | 1.409 | 1.691 
1z | 30 +259 518 776 | 1.035 1.294 | 1.553 
13.| 27°41! | -239 479 718 958 1.197 1.436 
14 | 25°42’ | .222 445 -667 8go | 1.112 1.334 
mS} 24: .208 416 624 832 | 1.040 | 1.247 
16 | 22°-30/ | -195 390 +585 -780 O75. 1 Iskgt 
17 | 21°11’ | «184 367 551 735 18 | 1.102 
18 | 20 174 347 521 695 868 | 1.041 
19 | 1857’ | -164 +329 493 658 822 987 
20 | 18 +156 .318 .469 .626 .782 937 
ar} 17° 8 | -149 298 447 596 445 894 
a2 | 16°22! | -142 286 427 569 {ia 855 
23| 15°39’ | -136 | .273 .409 545 681 818 
RAL ne +130 201 +392 -§22 653 -783 
25 | 14°24! | -125 +251 375 501 627 752 
BGs 1450) jer ao: 241 361 482 602 +723 
a7 | 13°20’ | -116 232 348 464 580 697 
a8 | 12°%51/ | .122 224 336 448 500 672 
29 | 12°25’ | .108 216 324 432 +540 648 
30} 12 104 209 314 ‘| 418 522 627 
25 oh AOS 7 ily) ROE 202 +303 404 +505 606 
32 | 12°15’ | .098 +196 294 +393 491 589 


SPACING HOLES IN CIRCLES 


TABLE FOR SPACING HOLES IN CIRCLES 


391 


I 3 o x i 1 e 
2 eet ot 1h) Cds, in ee teak aay Oe 
2) ea fe ores sa opell Sha alte ge |. "Saal ae 
Ea letsbs «ct len era cris tet tontee 
A a A A 4 A 4 a 
3 | 120 6.062 | 6.928 | 7-794 | 8.660 | 9.526 | 10,392 
4} 90 4.950 | 5-657 | 6.364 | 7.081 | 7-778 | 8.485 
pal 72 | 4-115 | 4-702 | 5.290 5.878 | 6.465 7.053 
6 | 60 3-500 | 4.000 | 4.500 | 5.000 | 5.500 6.000 
7 \ 51°=25' | 3.037 |. 3-471. | 3.905 | 4.339 | 4-773 | 15.297 
Sie 45 2.679 } 3.061 3-444 | 3.827 | 4.210 4.592 
9 | 40 2.394 | 2.736 | 3.078 | 3.420 | 3.762 4.104 
Ton 30 2.163 | 2.472 2.781 3.090 | 3.399 3-708 
1x | 32°43’ | 1.973 | 2.254 | 2.536 | 2.818 | 3.100 3-381 
Zee 30 1.812 | 2.069 | 2.329 2.588 | 2.847 3.106 
13 | 27°41’ | 1.676] r.or5 | 2.154 | 2.394 | 2-633 2.873 
14 | 25°42! | 1.557 | 1.779 | 2.000 | 2.224 | 2.446 2.669 
DS. 24. 1.455 | 1.663 1.871 2.079 2.287 2.495 
x6 | 22°30! | 1.366] 1.562 E.750.)| D.052 a |\v 2.840 2.341 
17 | 21°11’ | 1.286] 1.469 | 1.653 | 1.837 | 2.020 2.204 
ES \) 20 1.216] 1.389 1.563 1.737 1.910 2.084 
1g | 18°57’ | 1.151 | 1.316 | 1.480 | 1.645 1.809 1.974 
20 | 18 I.095 | 1.251 1.408 | 1.564 | 1.721 1.877 
21 17° 8/ | 1.043 | 1.192 1.341 1.489 1.039 1.788 
22 | 16°22! | .996| 1.139 | 1.282 1.423 1.566 1.708 
23.) I5°-39/ | ..954)| 1-092 1.227 1.363 1.499 1.635 
24 | 15 914 | 1.044 | 1.175 | 2.305 | 1.436 1.566 
25 14°24’ | .877 | 1.003 1.128 1.253 1.379 1.504 
26 | 13°51’ | .843 963 1.084 1.204 REGO 1.445 
27.| 13°-20'.| .813 929 1.045 1.161 1.277 1.393 
28 | 12°51! | .784 896 | 1.008 | I.121 1.233 1.345 
29 | 12°25’ | .756 864 972 | 1.080 | 1.188 1.296 
30 | 12 +732 836 .94t 1.045 1.150 T.254 
Savy TEoRset Tey 808 gro | 1.011 1.112 1.213 
32) 11°15" | ~.087 -785 883 .982 | 1.080 1.178 
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TABLE FOR SPACING HOLES IN CIRCLES 


Tue table on pages 390 and 391 will be found of service when it 
is desired to space any number of holes up to and including 32, in a 
circle. The number of divisions or holes desired will be found in 
the first column, the corresponding angle included at the center 
being given as a convenience in the second column. ‘The remaining 
column heads cover yarious diameters of circles from 1 to 12 inches, 
and under these different heads and opposite the required number of 
holes will be found the lengths of chords or distances between hole 
centers for the given circle diameter. 

Thus, if it is required to space off 18 holes in an 8-inch circle, by 
following down the first column until 18 is reached and then reading 
directly to the right, in the column headed “Length of Chord- 
Dia. 8,” will be found the distance 1.389 as the chord length for that 
number of divisions and diameter of circle. Or, suppose a circle of 
12 inches diameter is to be spaced off for a series of 27 holes to be 
drilled at equal distances apart: Opposite 27 found in the first 
column, and under the heading, “ Dia. 12,” will be found the chord 
1.393 as the length to which the dividers may be set directly for lay- 
ing off the series of holes. 

If it is desired to lay off a series of holes in a circle of some diam- 
eter not given in the table, say 10 holes in an rr-inch circle, sub- 
tract the chord for ro holes in an rr-inch circle, or, 3.399 from the 
chord in the “Dia. 12” column, or 3.708, and add half the difference 
(.154) to 3.309, giving 3.553 as the chord or center distance between 
holes. Or, if 24 holes are to be equally spaced in a 20-inch circle, 
all that is necessary in order to find the chord, or center distance, is 
to find opposite 24, and in the column headed, “Dia. ro,” the 
quantity 1.305 and multiply this by 2, giving a length of 2.610 inches 
as the center distance. 


TABLE OF SIDES, ANGLES AND SINES 


THE table on pages 393 to 397 is carried out for a much higher 
number of sides or spaces than are included in the preceding table 
and will be found useful in many cases not covered by that table. 
It was originally computed for finding the thicknesses of commutator 
bars and also for calculating the chord for spacing slots in armature 
punchings. In using this table the diameter of the circle is, of 
oer multiplied by the sine opposite the desired number of holes 
or sides. 

Assuming for illustration that a series of 51 holes are to be equally 
spaced about a circle having a diameter of 17 inches, opposite 51 in 
the column headed “No. of Sides,” find the quantity .06156 in the 
column headed “Sine,” and multiply this quantity by 17. The 
product 1.0456 is the length of the chord or the required distance 
between centers of the holes for this circle. Or, if 40 equidistant 
points are to be spaced about a circle 16 inches diameter, opposite 
the number of sides, 40, will be found the quantity .078459 which 
multiplied by 16 gives 1.255 inch as the distance between centers. 


TABLE OF SIDES, ANGLES AND SINES 393 


MULTIPLY DIAMETER BY SINE TO GET LENGTH OF SIDE 
(Angle given is half of angle subtended at center) 


dues Biakee Sec. Sine Sides Des the Sec. Sine 
3 | 60 8660254 Bemis —2 74 res 0003784 
4 | 45 -7071067 53 | 3-23-46.41 0502405 
5 | 36 5877852 || 54 | 3-20 .0581448 
6 | 30 «500000 55 |~3-16-21.82 0570887 
7 | 25-42-51.42 4338828 56) Wgar2—5 0-42 0560704, 
8 | 22-30 3820834 57 | 3- 9-28.42 0550877 
On |s20— +3420201 Bou sll Se, O=L2 40 0541388 
ro | 18- «3090170 Ova gars 1s tO5 0532221 
Ir | 16-21-49.09 2817325 60 |! 3- 0523360 
ess 2588190 Gnya2—57—12-05 0514787 
13 | 13-50-46.15 -2393157 62 | 2-54-11.61 .0500491 
i4 | 12-51-25.71 2225208 Re Poirot 0498458 
Wy el are) 2079116 64 | 2-48— 45 0490076 
16 | 11-15 1950903 65 | 2-46- 9.23 0483133 
17 | 10-35-17.64 .1837495 66 | 2-43-38.18 0475819 
18 | 1o— 1736481 67 | 2-41-11.64 0468722 
ae) 9-28-25 .26 1645945 68 | 2-38-49.41 0461834 
20 | 9- 1564344 || 69 | 2-36-3r.30 | 0455145 
25 8-34-17.14 -1490422 70 2-34-17.14 .0448648 
22 | 8-10-54.54 1423148 Fala 2—) O70 0442333 
23 7-49-3391 -1361666 72 | 32—=20 0430194 
24. | 7-30- 1305262 jie | 2 Oy 0430222 
25ia| yar o +1253332 74 | 2-25-56.75 | .0424411 
26 | 6-55-23.07 -1205366 Wise |e .0418757 
27 6-40 -1160929 FON | 2=22=) O25 0413249 
28 | 6-25-42.85 1119644. Ti 2=20—-1 Sub 0407885 
29 | 6-12-24.82 -1081189 78 | 2-18-27.69 0402659 
30 | 6 1045284 79 | 2-16-42.53 0397505 
i 5—-48—23.22 -TOT 1683 80.7) 12=15— 0392598 
32 5-37-30 .0g80171I 81 2-13-20 0387753 
33) 5-27-10:36 0950560 82 | 2-11-42.45 0383027 
34 | 5-17-38.82 0922683 83:"\| <2=10= 7.22 0378414 
35 | 5— 8-34.28 .0896392 84 | 2— 8-34.28 0373011 
BOR) s= 0871557 || 85 | 2- 7- 3.54 | .0369515 
BTA tAS SiS 3.5 1 0848058 86 | 2— 5-34.88 0365220 
38 | 4-44-12.63 0825793 Size de Seay 0361023 
39 | 4=36-55.38 .0804665 88 | 2— 2-43.63 0356923 
40 | 4-30- 0784591 89 | 2- 1-20.89 0352014 
41 4-23-24.87 .0765492 Qo <2= 0348995 
Als Any Sane .0747301 gt | 1-§8-40.87 0345160 
430) 4=11= 9.76 0729952 92 | I=57-23347 0341410 
44 | 4- 5-27.27 | .071339% 93 | I-56- 7-74 | .033774% 
45 | 4 0697565 || 94 | 1-54-53.01 | .0334149 
46 | 3-54-46.95 | .0682423 || 95 | 1-53-41.05 | .0330633 
47 | 3-49-47.23 0667926 96 | 1-52-30. 0327190 
48 | 3—45- 0654031 97 | I-51-20.41 0323818 
49 | 3-40-24.49 0640702 98 | 1-50-12.24 0320515 
5° | 3-36- 10627905 OO 545) 0317279 
5 | 3=31-45.88 .06156cg || 100 | 1-48- 0314107 


394 TABLE OF SIDES, ANGLES AND SINES 
MULTIPLY DIAMETER BY SINE TO GET LENGTH OF SIDE 
(Angle given is half of angle subtended at center) 
Sides Deg. Min Sec. ae ites | Deg, Min, Sec. Ape 
ror | 1-46-55.84 0310998 I5I | I-11-31.39 .0208037 
102 | I-45-52.94 0307950 Pozen Ite 0200668 
103 | I-44-51.20 0304901 153 ||) T=10=35.29 0205318 
104 | 1-43-50.76 0302020 154 | I-10- 7.79 0203985 
105 | I-42-51.42 0299154 155 | I- 9-40.64 0202669 
106 | 1-41-53.20 0296332 156 | 1- 9-13.84 0201370 
107 | 1-40-56.07 0293504 157 | 1— 8-47.38 .0200087 
108 | 1-40- 0290847 158 | 1- 8-21.26 0198821 
109 | 1-39- 4.95 | .0288179 |] 159 | I- 7-55-47 | -0197571 
110 | 1-38-10.90 0285560 160:)|"2= 7-30 0196336 
LEG || MI=37-17 83 0282488 161 | 1— 7— 4.84 sO1Q5117 
112 | 1-36-25.71 0280462 162:\| 1— 6-40 0193913 
II3 | 1-35-34.51 0277981 163 | 1- 6-15.46 .0192723 
II4\| I-34-44.21 0275543 TGQ = 5-51.25 ,o1g1548 
1X5 | 1-33-54-78 .0273147 165))) 7 5-27.27 .0190387 
Tr67}) 2-33-6120 0270793 166)| 2- 5- 3.61 -0189 241 
117 | 1-32-18.46 .0208479 167 | I= 4-40.23 -01 88107 
£18*|) I=ZI—Z152 0206204 168 | 1— 4-17-14 -01 86988 
119 | 1-30-45.38 0263968 169 | £— 3-54.31 -018588r 
120} I-30— 0201769 T7Or) I= 3-32.76 .0184788 
TSH «| E=29-15 37 0259606 T9I|) w= 3S. O47 -0183708 
Taziue8—37 24% 0257478 172 | I= 2-47.44 -0182640 
123 | 1-27-48.29 0255336 193) | m-=2-25.66 -0181584 
124 | 1-27- 5.80 0253326 174. | B=. 2— 4:13 -0180541 
125 | 1-26-24 0251300 ‘1 175 | I- 1-42.85 0179509 
126 | 1-25-42.85 0249306 176 | 1— 1-21.81 .0178489 
127) 1-25— 2.36 0247344 L77 (| w=I= T01 0177481 
128 | 1-24-22.50 0245412 178 | I— 0-40.44 0170484 
129 | I-23-43.25 0243509 179 | I- 0-20.11 0175498 
130 | 1-23- 4.61 0241637 80. =< 0174524 
131 | 1-22-26.56 | 0239793 | 18r | —59-40.11 | .0173559 
132 | I-21-49.09 0237976 182 —59-20.43 0172605 
133 | 1-21-12.18 0236188 183 —59- 0.98 0171063 
134 | I-20-35.82 0234425 184 —58-41.73 0170730 
135 | I-20- 0232089 185 —58-22.70 0169807 
136 | 1-19-24.70 0230978 186 | -—58— 3.87 0168894 
137 | 1-18-49.92 10229292 187 —5 7-45-24 .01679091 
138 | 1-18-15.65 .0227631 188 —5 7-26.30 .0167097 
139 | 1-17-41.87 20225994 189 —57— 8.57 0166214 
140} 1-17- 8.57 0224380 190 —56-50.52 0165339 
I4I | 1-16-35.74 0222789 191 —5 6-32.67 0164473 
1421 1-16— 3.38 0221220 192 —§6-15 0163617 
143 | 1-15-31.46 0219673 193 55-57-51 0162769 
144 | I-15- .0218148 194 —55-40.20 .0161930 
145 | 1-14-28.96 0216644 195 —55-23.07 .0161100 
146] 1-13-58.35 0215160 196 | —55— 6.12 0160273 
147 | 1-13-28.16 0213097 197 —54—-49.34 0159464 
148 | 1-12-58.37 0212253 198 54-32-72 0158659 
149 | 1-12-28.99 0210829 199 —54-16.28 0157862 
150 | I-12—- 0209424 || 200 | —54— 0157073 


TABLE OF SIDES, ANGLES AND SINES 395 


MULTIPLY DIAMETER BY SINE TO GET LENGTH OF SIDE 
(Angle given is half of angle subtended at center) 


, f . Yo. An 5 
Ses | Min’ ae Be shies OM tain Bec. Sine 
201 53-43.88 20156244 251 43- 1.67 .0125160 
202 53-27.92 00155518 {1252 | 42-51.43 0124663 
203 53-12.12 0154752 253 | 42-41.26 .O124171 
204 52-56.47 0153993 254 42-31.18 0123682 
205 52-40.97 0153242 || 255 | 42-21.18 0123197 
2006 52-25 .63 0152498 |] 256] 42-11.25 0122715 
207 52-10.44 0151764 {1257 | 42- 1.40 0122238 
208 51-55-38 0151033 |} 258} 41-51.63 0121704. 
209 51-40.48 0150310 || 259 | 41-41.93 0121294 
210 ices cya 0149595 260 41-32.31 0120827 
211 51-I1.09 0148886 || 261 41-22.76 0120364. 
212 50-5 6.60 0148183 || 262 41-13.28 OTIQQO5 
258 50-42.25 0147487 || 263 | 41- 3.88 OT19449 
214 50-28.04 0146798 || 264 | 40-54.54 OT 18997 
215 50-13.96 OI4O11S 265 40-45 .28 0118548 
216 50- 0145439 || 266} 40-36.09 OTI8102 
217 49-460.17 0144769 267 40-20.96 0117660 
218 49-32.48 OI 44104 268 4O-17.91 “On Le a 
219 49-18.91 0143446 269 40-— 8.93 0116786 
220 49- 5.46 0142794 || 270} 4o- 0116353 
221 48-5 2.13 0142148 || 271 39-51-14. 0115923 
222 48-38.92 0141508 |] 272 39-42-35 0115497 
223 48-25.83 0140874 1273} 39-33-63 OTI5074 
224 48-12.86 .0140245 274 39-24.96 0114654 

Ze 48— 0139622 || 275 39-16.36 O11 4237 
226 47-47 .26 20139004 || 276 30- 7.83 .0113823 
227 47-34-63 0138392 || 277 38-59-35 O11 3412 
228 47-22.11 0137785 ||278| 38-50.94 O11 3004 
229 47- 9-69 0137183 279 3842.58 -O1T2599 
230 40-5 7.39 0136587 280 | 38-34.28 OIL2197 
231 40-45 .19 0135995 281 38-26.05 01117098 
232 46-33.10 0135409 || 282 38-17.87 -OLII4OI 
233 46-21.11 0134828 |} 283 B8—1 9.75 0111008 
234 40- 9.23 0134252 || 284] 38- 1.69 OL10617 
235 45-57-45 .013368r ||285 | 37-53.68 0110229 
236 45-45-76 0133115 286 17-45-73 0109844 
237 45-34.18 0132553 || 287 37-37-94 0109461 
238 4522.69 0131996 || 288} 37-30 0109081 
239 45-11.29 0131444 || 289 | 37-22.21 0108704 
240 45- 0130896 290 | 37-14.48 .0108 3209 
241 44-48.80 0130353 291 37— 0.80 0107957 
242 44-37-08 0129814 292 36-59.18 0107587 
243 44-26.67 0129280 || 293 36-51 .60 .0107220 
244 44-15-74 .0128750 204 36-44.08 .0106855 
245 44- 4.90 0128225 295 36-36.61 01060493 
240 43-54-15 .0127704 || 296) 36-29.19 0106133 
247 43-43-48 0127187 ||297 | 36-21.82 0105770 
248 43-32-40 0126674 || 298 360-14.50 .0105 421 
249 43-22-41 0126165 299 36- 7.22 0105068 
250 43-12 0125661 || 300! 36- 0104718 


396 


TABLE OF SIDES, ANGLES AND SINES 


MULTIPLY DIAMETER BY SINE TO GET LENGTH OF SIDE 
(Angle given is half of angle subtended at center) 


No. Angl : 
Sides Min. Sec. Sine 
30r 35-52.82 0104370 
302 35-45 -69 0104024 
303 35-38.61 0103681 
304 35-31-58 .CT03340 
395 35-24-59 .O103001 
306 | 35-17.65 .0102665 
3°07 3510.75 20102330 
308 | 35- 3.90 oro1998 
309 34-57-09 0101668 
310 34-50.32 .OT01 340 
gir 34-43.00 ,OLOIOT4 
312 34-36.92 0100690 
313 34-30.29 0100368 
314 34-23.69 .0100049 
315 34-17-14 0099731 
316 34-10.63 0099415 
317 34- 4.16 0099102 
318 | 33-57-74 0098791 
319 33-51-35 0098482 
320 33-45 0098174 
321 | 33-38.69 .009 7868 
"322 |  33-32.42 .009 7564 
323 33-26.19 0097261 
324 33-20 0096961 
325 | 33-13.85 0096663 
326 | 33- 7-73 .0096367 
327 33- 1.65 0096072 
328 32-55.61 0095779 
329 32-49.60 0095488 
330 | 32-43.64 0095198 
331 32-37-70 .000 4911 
332 32-31 .81 0094625 
333 32-25.95 0094341 
334 2-20.12 0094059 
335 32-14.33 0093778 
336 | 32- 8.57 0093499 
337 32— 2.85 009 322T 
338 | 31-57-16 .009 2945 
339 31-51.50 0092671 
34° 31-45.88 0092398 
34 31-40.29 0092127 
342 31-34.74 0091858 
343 31-29.21 009 1599 
344 31-23.72 00091324 
345 31-18.26 .009 1059 
346 | 31-12.83 .0090796 
347 3I- 7.44 00905 34 
348 | 31- 2.07 .0090274 
349 | 30-56.73 0090016 
350 | 30-51.43 0089758 


No. 
Sides 


351 
352 


1 ‘3 
Mines Sine 
30-46.15 0089502 
30-40.91 0089248 
30-35.69 0088996 
30-30.51 .0088744 
30-25.35 0088494 
30-20.22 0088245 
30-15.12 0087998 
30-10.05 0087753 
30- 5.01 0087508 
30- 0087265 
290-55 .01 0087023 
29-50.05 0086783 
29-45.12 0086544 
29-40.22 0086306 
20-35-34 0086070 
29-30.49 0085835 
29-25.67 0085601 
29-20.87 0085 368 
29-16.10 0085137 
29-11.35 0084907 
29- 6.63 0084678 
20- 1.94 0084451 
28-57.27 .0084224 
28-52.62 0083999 
28-48 0083775 
28-43.40 0083552 
28-38.83 0083331 
28-34.28 .008311o 
28-29.76 0082891 
28-25.26 0082673 
28-20.78 0082456 
28-16.33 .0082240 
28-11.91 0082025 
28— 7.50 0081812 
28— 2-12 0081599 
27-58.76 0081387 
27-54.42 0081177 
27-50.10 0080968 
27-45 .81 .0080760 
27-41.54 0080553 
27-37.20 0080347 
27-33.00 .00801 42 
27-28.85 0079938 
27-24.67 0979735 
2]-20.51 0079533 
27-16.36 0079332 
27-12.24 0079132 
27— 8.14 0078934 
27- 4.06 0078736 
27= 0078534 


ere 


TABLE OF SIDES, ANGLES AND SINES 397 


MULTIPLY DIAMETER BY SINE TO GET LENGTH OF SIDE 
(Angle given is half of angle subtended at center) 


See Nee oe Sine [sides |__saine See Sine 

401 26-55 .96 0078343 || 451 23-56.81 0069658 
402 26-51.94 0078148 || 452 23-53.63 0069504 
403 | 20-47.94 0077954 ||/453 | 23-50.46 -0069351 
404 206-43.96 0077761 || 454 23-47-31 0069198 
405 26-40 0077569 455 23-44.17 .0069046 
406 26-30.06 0077378 || 456 23-41.05 0068894 
407 26-32.14 0077188 || 457 23-37.94 0008744 
408 26-28.23 .0076999 «|| 458 23-34.84 0068594 
409 20-24.35 0076811 459 23-31.76 0068444 
410 26-20.49 .0076623 ||460| 23-28.69 0068295 
411 26-16.604 0076437 || 461 23-25 .64 .0068147 
412 26-12.82 0076251 462 23-22.60 .0067999 
413 26= 9.01 .0076067 || 463 23-19-57 .0067852 
414 26- 5.22 0075883 || 464 23-16.55 .0067706 
415 26- 1.45 _ 0075700 || 465 23-13.55 0007561 
416 25-57.70 0075518 || 466 23-10.56 .0067416 
417 2553.96 0075337 || 467 23- 7.58 0067272 
418 25-50.24 0075157 || 468 23- 4.61 .0067128 
419 25-46.54 0074977 || 469 26— 0.00 0066985 
420 25-4.2.86 0074799 || 470 22-58.72 0066842 
421 25-39-19 .0074621 471 22-55.79 0066700 
422 25-35-54 0074444 || 472 22-52.88 0066559 
423 25-31.91 0074268 || 473 22-49 .98 0066418 
424 25-28.30 20074093 {1474 22-47 .09 .0066278 
425 25-24.70 0073919 || 475 22-44 .21 0066138 
426 Pm ist 0073745 || 476 22-41 .34 0065999 
427 25-17-56 0073573 ||477 | +22-38.49 0065861 
428 25-14.02 .0073401 478 22-35.65 .0065723 
429 25-10.49 0073230 || 479 22-32.82 0065585 
430 25- 6.98 0073059 || 480 22-30 0065449 
431 25— 3-48 0072890 || 481 22-27.20 0065313 
432 25— 0072721 || 482 22-24.40 .0005178 
433 24-56.54 0072553 || 483 22-27 .61 0065043 
434 24-53.09 0072386 484 22-18.84 .0064909 
435 24-49 .66 0072220 || 485 22-16.08 0064775 
436 24-46.24 0072054 486 22-13-33 .0064641 
437 24-42.84 0071889 487 22-10.59 .0004509 
438 24-39-45 0071725 1488 | 22- 7.87 .0064377 
439 24-36.08 0071562 489 22— 5.16 .0064245 
440 24-32.73 0071399 ||490 | (22- 2.45 0064114 
441 24-20.39 0071237 || 491 21-59-75 .0063983 
442 24-26.06 0071076 || 492 21-57 .07 .0063853 
443 24-22.75 0070916 || 493 21-54.40 0063723 
444 24-19.46 0070756 494 21-51-74 .0063594 
445 24-16.18 0070597 || 495 21-49 .09 0063466 
446 24-12.91 0070439 496 21-46.45 0003338 
447 24— 9.66 007028r || 497 | 21-43.82 0063211 
448 24— 6.43 .0070124 498 21-41.20 0063084 
449 24— 3.21 .0069968 499 21-38.59 .0062057 
450 24- .0069813 || 500 21-36 0062831 
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LENGTHS OF CIRCULAR ARCS 


Tue table gives the lengths of circular 
arcs to the radius of one, for angles from 


Radi, vf 
ve 


Sa g mS 1 to 180 degrees. The lengths for minutes of 

5 FF SS arcs are given at the right. 
oF A ve To find the length of a circular are with 
EY \ wg radius of 1 inch and angle of 45 degrees 20 
AG minutes. Opposite 45 degrees find 0.7854, 
\ . and opposite 20 minutes 0.0058. Adding 
these gives 0.7912 inch as the length of arc. 


I 


- 


the radius is 2 inches, multiply the lengths in the table by 2. 
LENGTHS OF CIRCULAR ARCS TO Rapius oF I 


De- 
gree 


De- 


De- 
Length Length gree 


Length Length |Min.| Length | Min.| Length 


0.0000 } 45 | 0.7854 | 90 | 1.5708 | 135 | 2.3562 
0.0175 | 46 | 0.8029] ox | 1.5882 | 136 | 2.3736 
0.0349 | 47 | 0.8203 | 92 | 1.6057 | 137 | 2.30r1 
0.0524 | 48 | 0.8378 | 93 | 1.6232 | 138 | 2.4086 
0.0698 | 49 | 0.8552 | 94 | 1.6406 | 139 | 2.4260 


° 0,0000 | 45 | 0.0131 
I 

2 

3 

4 

5 | 0.0873 | 50 | 0.8728 | 95 | 1.6581 | 140 | 2.4435 

6 

7 

8 

9 


0,0003 | 46 | 0.0134 
0.0006 | 47 |} 0.0137 
0.0009 | 48 | 0.0140 
0.0012 | 49 | 0.0143 
9.0015 | 50 | o.0145 
0.0017 | 51 | 0.0148 
0.0020 | 52 | 0.0151 


0.1047 | 51 | o.890r 96 | 1.6755 | 141 | 2.4609 
0.1222 | 52 | 0.9076] 97 | 1.6930] 142 | 2.4784 
0.1396 | 53 | 0.9250 98 | 1.7104 | 143 | 2.4058 0.0023 | 53 | 0.0154 
O.I57I | 54 | 0.0425 99 | 1-7279 | 144 | 2.5133 0.0026 | 54 | 0.0157 
10 | 0.1745 | 55 | 0.9509 | I00 | 1.7453 | 145 | 2.5307 | 10 | 0.0029 | 55 | 0.0160 
IT | 0.1920 | 56 | 0.9774 | Tor | 1.7628 | 146 | 2.5482 | rr | 0.0032 | 56 | 0.0163 
12 | 0.2094 | 57 | 0.9948 | 102 | 1.7802 | 147 | 2.5656 | 12 | 0.0035 | 57 | 0.0166 
1.7977 | 148 | 2.5831 } 13 | 0.0038} 58 | 0.0169 
1.8151 | 149 | 2.6005 | r4 | 0.0041 | 59 | 0.0172 
1,8326 | 150 | 2.6180 | 15 | 0.0044 | 60 | 0.0175 
1.8500 | 151 | 2.6354 | 16 | 0.0047 
1.8675 | 152 | 2.6529 | 17 | 0.0050 
1.8850 | 153 | 2.6704 | 18 | 0.0052 
1.9024 | 154 | 2.6878 | 19 | 0.0055 
I.O190 | E55 | 2.7052 | 20 | 0,0058 
1.9373 | 156 | 2.7227 |] 21 | 0.0061 
1.9548 | 157 | 2.7402 | 22 | 0,0064 
1.9722 | 158 | 2.7576 | 23 | 0.0067 
1.9807 | 159 | 2.7751 | 24 | 0.0070 
2.0071 | 160} 2.7925 | 25 | 0,0073 
2.0246 | 161 | 2.8100 | 26 | 0.0076 
2.0420 | 162 | 2.8274 | 27 | 0.0079 
2.0595 | 163 | 2.8440 | 28 | 0.0081 
2.0769 | 164 | 2.8623 | 29 | 0.0084 
2.0044 | 165 | 2.8798 | 30 | 0.0087 
2.1118 | 166 | 2.8072 | 31 | 0.0090 
2-199 167 | 2.9147 | 32 | 0.0003 
2.146: 168 | 2.9322 | 33 | 0.0096 
2.1642 | @69 | 2.9496 | 34 | 0.0009 
2.1817 | 170 | 2.9671 | 35 | o.oro2 
2.1991 | 171 | 2.9845 | 36 | 0.0105 
2.2166 | 172 | 3.0020 | 37 | 0.0108 
2.2340 | 173 | 3.0104 | 38 | o.orrr 
2.2515 | 174 | 3.0360 | 39 | 0.0130 
2.2600 | 175 | 3.0543 | go | 0.0116 
2.2864 | 176 | 3.071 41 | 0.0119 
2.3038 | 177 | 3.0892 | 42 | 0.0122 
2.3132 | 178 | 3.1067 | 43 | o.0125 
2.3387 | 179 | 3.1241 | 44 | 0.0128 
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ActuaL CuTtiInc SPEED oF PLANERS IN FEET PER MINUTE 


Forward Cut- Return Speed 
ting Speed 
in Feet 

per Minute 2tor 3tor |4tor| stor 6 tox 7tor | 8tor 
20 13 .Su\eL ss EO. | 10060) a 7erA |) 07.5 17.76 
25 16.6 | 18.75 20) || 20:83'9|-21.42 | 27.8771) 22216 
30 20. gan DA eoT. 25.71 | 26.25 | 26.56 
35 Tons a eeO es a 20 Ee rO | SOc 30.62 | 31.04 
4o 20.6 | 30. 32 | 33-33 | 34.28 | 35. 35-52 
45 30. | 33-75 | 36 | 37-5 | 38-56 | 39.37 | 40. 
50 33:3 | 37-5 40 | 41.66 | 42.84 | 43.75 | 44.48 
55 BOLO IN Atsas) [Ade asvOon | a ero) fone sO 5, 
60 40. | 45. 48 | 50. 51.42 | 52.50 | 53-43 
65 43-3 | 48.75 2 | 54.16 | 55.70 | 50.87 | 57.92 
70 46.6 | 52.5 56 | 58.33 | 60. 61.25 | 62.3 
75 50. 56.25 | 60 | 62.5 64.28 | 66.62 | 66.71% 


The table shows clearly that a slight increase in cutting speed is 
better than high return speed. A 25-foot forward speed at 4 to 1 
return is much better than 8 to x return with 20-feet forward speed. 
Economical planer speeds are given below (Cincinnati Planer Co.).’ 

Cast Iron roughing. ..... 40 to 50 ft.; finishing. .....20 to 25 ft. 

Steel casting and wrought iron roughing 30 to 35 ft.; finishing 20 ft. 

Bronze and brass...50 to 60 ft.; Machinery steel. ..30 to 35 ft. 


. 


ALLOWANCES FOR BOLT HEADS AND UPSETS 
Stock ALLOWED FOR STANDARD Upsets By Acmr MACHINERY Co. 


4 in. Upset to 2in. Length of Upset in. Stock required, 1? in. 
2 5 ? 4 
5 «& it Bee “ce “c Lee “cc cc Bice 
8 rs 32 Ig 
3 “ce 7) && “ ce an “ “ce “ rz “ 
4 8 2 
7 « “ ee “ “ec “ “e a3 3 
8 “ a] “ “ce 4 cc ‘ 24 “ec 
ia3 if oe c “ee 
z I4 4 28 
yh Ts ce 73 “cc ce “ 4h 73 “ce “ gi 
8 8 2 4 
yi “ yi ce “ “ 43 ce “ “ gi « 
4 3 2 2 
iz “ce “ I “ ce “ 5 “ce “ce “ gi a3 
8 8 8 
1 «“ “ 3 ts “ee “ “ “c “ec ce 
Ig Ig 5 2 
yi “ yi « “ “ 5 “ “ec ‘“ gi 
2 8 8 
12 “ “ zi “c “ “ 53 “ “ “ yi 
8 8 2 8 
12 “ “ 2 “ “ cc oa ‘te “ec ce 12 “ 
4 
1 “ee e 24 “ee ce oe 6 ce “cc [a3 2 “ 
a “ “ 22 “ “ “ce 6 “ “ “ec 2} ce 
8 
2 iss “ee 2a “ee as “ 6 oe “e ae 33 ce 
2 z 
1 « “ & ¢é “ a3 Zz ee “ a3 L«c 
2a 25 63 29 
ca “ “ at “ “ “ee 64 “ “ “ec gi “ 
8 2 4a 
2 “ ae 35 oe las ia3 7 “ if its 2 “ce 
‘ “ “ce i “ce “ “e <3 ae 2° “ 
3 32 7 8 
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Stock REQUIRED TO MAKE MANUFACTURER’S STANDARD BOLT 
Heaps AND Nuts— Roucu 


NATIONAL MACHINERY CO. 


Borr Heaps Nuts 
SQUARE OR HEXAGON SQUARE OR HEXAGON 
Size Stock 
Short Stock Short Required 
Diameter peek he Diameter ee 
ree 2 . Thiek- 
P 2 Width = | ‘ies 
n = be R 
[==] n 
3 5 3 5 Square 
g | Sq. |Hexa-| SJ | gq, |Hexa-| cg. /Hexa- ElZls q. |Hexa- e or 
= gon | 4 gon " | gon ee Pal gon exa- 
wn eA fea! gon 
in in. in in. in. in in. in in in in in in 
+ 3 ro Ye 43 33°| 4 3 ta + 45 8 au 
Yo | 4B] 43] 2 ei 42 i f |] a] fe] Wy] ae 4k 
3 Ye | % ey | 18 i 1) 4 | 2 32] G3 3 
vo | 43] 33] a3] a4] x H t 1] vw] BY] #B Ag 
4 i 4} # | we | th] I Ye | 4 48) 28 Mh 
th §4 38 % | tse | 12 1} 1k 4 ve | Irs | I's g 
& HR | x RE | rhb | 48] 14] tk | to] F | tis | tr ih 
3 1} Irs ys | 1 Tyo | 14 1 qh i Ive | I's 3 
Ree 28 gh | 1% | xh ri] r§ | 39-) & | dd] us.] 28 
I 1} Iie z 2n'z | 2a 2 1} i I 148 | 1th Iw 
1} | 143 | 1d 43 | 232 | avs | 24 | 2 8} rh | 2% | ee | xs 
ro] re | 88] 98 | abd | ave | 24 | 2b | roe | xd | 28 | axe | xd 
1 | 26 | 2k | tre | Ste | 235 | 23°] 24 | r% |] r8 | 28 | 2d | 2h 
th | 2k | ave | 1b | 3x2 | 3 3 | 22 | xu] rk | 2k | 2b | 22 
rh | 2x60) 2h | xye,| 348 sk 7 at] 3 | tee | ak | 3h | ak 1} 
at | 26 | 28d | xs | 3% | 342 | 34 | 32 | rs | 12 | 38 | 3k | 2 
te | 248 | 2% | rhd | 4M | 398 | 32 | 34 | rh] kz | 3h | 3% | 28 
2 3 3ru | 14 | axe | 4 4 34 | 1t8 | 2 SEU 3 f 23 
24 | 3% | 3re | 1b | 5 4r0 | 4% | 32 | 2 2t | 4b | 3% | 2% 
23 | 3% | 3f8 | 1% | sd | 488 | 44 | 44/| 2k | 24 | 48 | at | 28 
2% | 4b | a6 | 2x6 | 532 | st | 42 | 44 | ave | 28 | 4 | 4d | 2d 
3 44 | atu | 24 | 6ys | sta] s 4t | 2th | 3 4h | 48 | 38 
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Stock REQUIRED TO MAKE UNITED STATES STANDARD BOLT 
Heaps AND Nuts— Roucu 


NATIONAL MACHINERY CO. 


Borr Heaps ‘ Nots 
SQuaRE oR HEXAGON SQUARE OR HEXAGON 
Size Stock 
eon [tower | Saute 
Is * 
Size Mead Thick- oe Diameter |Thick-| Hexagon 
of Bolt ter ness eter Hole ness 
[Square] Hex- Width |Thick- 
in. in. in. in. in. in. in. in. in. in. 
it Fo \jexdeel tube |) 4 yrscant | 2 | 8% | 38 
1s 43 at 1} ys 43 % scant re ah 1s 
3 33 3h 1} 1% Hh 33 scant 3 3h 33 
Ye 4 oH 1 1} 38 43 Ys gi 8 
4 t 1s 133 1} t 42 scant 3 ri 33 
v6 Ey 3 5 1§ 3h $i 16 a 38 
$ Irs ME 2 1h Ire > full $ I 52 
t 1} & age 118 1} $ scant z 11s 38 
3 Ire 33 23 2a Iya 4] scant 4 13 1 
I 14 3 2% 22 1g $% scant I 115 Ire 
14 Hi 38 3 233 1} +8 full 1} 13 ry 
1} 2 I 3t Py 44 2 Try full rh 1% 1} 
1% 2x6 195 3x8 3 2y'5 1d full ry ary 1h 
1} 24 Tre 3x 3's 23 Tg full ey 2t 15 
15 2r6 Igy | 41s 33 avs tr scant | 18 ayy | 12 
1} 2? 13 4% 32 22 1} scant r} 25 1} 
1} aig 138 4 4 218 1§ scant 1 23 | 2 
2 3t I¥e | 4% 4% 3% 13% scant 2 3 23 
2k 33 1} Sve | 438 | 3% 1g}scant | 2} 3% 23 
2h 3% 1th 5th Siu 3% 26 2h 3t 2% 
2t 4h 2g Ye | 53 4t 2r5 2 43 25 
3 43 ars 7 Ors. | 48 2b 3 43 33 
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WEIGHT OF FILLETS 


403 


QUICK WAY OF ESTIMATING LUMBER FOR A PATTERN 


Motrtiery length, breadth, and thickness in inches together and 
_ this by 7, pointing off three places. 
Board 8 inches wide, 18 inches long, 1 inch thick. 8 * 18 x I 


X 7 = 1.008 square feet. 
for most work. 
correct answer is 3.75. 


This is .oo8 too much, but near enough 
Board 1} X 10 X 36 = 540 X 7 = 3.780. . The 


TABLE GIVING PROPORTIONATE WEIGHT OF CASTINGS TO WEIGHT 
or Woop PATTERNS 


A Pattern 

Weighing One 
Pound Made of aes Brass Copper | Bronze ee 1 Zinc 
(Less weight of 

Core Prints) 
Pine or Bir..| 26 18.8 19.7 19.3 7) 15.5 
Oak Siete. 9 10.1 10.4 10.3 10.9 8.6 
Beech ih teaia.s 9.7 10.9 Ir.4 1.3 11.9 Q.1 
Linden’... . 13.4 15.1 16.7 15.5 10.3 12.9 
React es 10.2 Br.5 11.9 11.8 12.4 9.8 
Bich ies « 10.6 II.9 A} 12.2 12.9 10.2 
Blderr se ot 12.8 14.3 14.9 14.7 15-5 12.2 
Mahogany ..| 11.7 ius Ege 13.5 14.2 11.2 
IBEASSE sete 0.85 0.95 0.99 0.98 I.0 0.81 


DEGREES OBTAINED BY OPENING A 


Two-Foor RULE 


Degrees Inches Degrees Inches Degrees Inches 
Ir 120 15 CLES 55 11.08 

2 -422 20 4.17 60 12 
3 .633 25 5.25 65 12.89 
IA 837 30 6.21 70 13.76 
5 1.04 35 7.20 75 14.61 
a5 1.57 40 8.21 80 15.43 
10 2.09 45 9.20 85 16.214 
14.5 3-015 50 10.12 go 160.97 


Open a two-foot rule until open ends are distance apart given 
in table when degrees given in table can be scribed. Same results 
can be had with two r2-inch steel scales placed together at one end. 


404 SHOP AND DRAWING ROOM STANDARDS 


WEIGHT OF FILLETS 


To facilitate the calculations of the weights of the different parts 
of a machine from the drawings, the accompanying table of areas or 
volumes of fillets having radii from +g to 3 inches can be used. It 
has been calculated for fillets connecting sides that are at right angles 
to each other. 


TABLE OF AREAS OR VOLUMES OF FILLETS 


Radius of Area or Volume Radius of Area or Volume 

Fillet of Fillet in Sq. Fillet of Fillet in Sq. 

in Inches or Cubic Inches in Inches or Cubic Inches 
qs .0008 175 -5240 
t 0033 1g -5667 
as -0075 1} -O119 
q .0134 1% .6572 
ts .0209 143 -7050 
Fy +0302 1% +7543 
rs -0410 143 -8056 
4 +0537 2 8584 
ts 0673 aps -9129 
3 .0838 2 .g690 
aa <I0I3 2455 1.0269 
} +1207 2} 1.0864 
té 1417 215 1.1475 
£ 1643 23 1.2105 
43 -1886 2y'5 1.2749 
I .2146 2h 1.3413 
Ips 2423 2y'5 1.4086 
1} -2716 28 1.4787 
1x5 3026 2th 1.5500 
1} Be te 2t 1.6229 
Iy5 -3697 21} 1.6869 
13 4057 24 1.7739 
1y5 -4434 2th 1.8518 
i -4829 3 T-9314 


To find the volume of a fillet by this table when the radius and 
length are given, multiply the value in the table opposite the given 
radius by the length of the fillet in inches, and this result multiplied 
by 7 weight of a cubic inch of the material will give the weight of 
the fillet. 
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LAYING OUT A SQUARE CORNER 


It sometimes happens that we wish to lay out a perfectly square 
corner and*have no square of any kind handy. Here is a way that 
requires nothing but a scale or rule, or even a straight stick with- 
out any graduations whatever will do. Using this stick, draw a 
line as A C (Fig. 1) and at one end of this draw the line B D at 
any angle. This line must be straight, twice as long as A C and 


A 
A , ean 
B Cc D B Cc D 


Fic. 5 Fic. 2 


of equal length each side of the point C. Then if you join points 
D A B, you have an exact right-angle or square corner. 

Fig. 2 is simply another example of this, in which the line A C 
has been drawn at a very different angle to show that it works in 
any position. Joining the ends D A B as before also gives an exact 
right angle. 


ANOTHER METHOD 


Another method is by what is known as the 6, 8 andro rule This 
.means that if a triangle has sides in the ratio of 6, 8 and ro, the angle 
is go degrees. Lay down a line 6 units long, either inches, feet or 
yards. Lay off another line 8 units long as nearly right angles as 
possible. Measure across the ends of the two lines and adjust until 
this distance is ro units, which makes it a right angle. These dis- 
tances may be 3, 4 and 5; 12, 16 and 20 or any combination in this 
ratio. It is largely used in laying out large corners. 


SPEED FOR WOOD TURNING 


A good average speed for a wood turning lathe is a surface or 
cutting speed of from 1,000 to 1,500 ft. per minute. Where work 
does not exceed 1-in. diameter the lathe may be run 3,000 r.p.m.; 
for 2-in. stock 2,500; for 3-in., 2,000, or a little less, and for larger 
stock, the speed is reduced in proportion. 


COOLING HOT BEARINGS 


A hot box can be cooled by pouring sulphur on the bearing. It 
melts at 220 degrees and puts a smooth surface on both journals 
and bearings. It fills oil groove but can be dissolved with benzine 
if machine cannot be stopped. Either stick or flowers of sulphur ~ 
will do. Graphite is also good but cannot be used where the color 
is objectionable as in flour mills or other white stock. 


WIRE GAGES AND STOCK WEIGHTS 


TWIST DRILL AND STEEL WIRE GAGE SIZES 


Tue Twist Drill and Steel Wire Gage is used for measuring the 
sizes of twist drills and steel drill rods. Rod sizes by this gage should 
not be confused with Stubs’ Steel Wire Gage sizes. The difference 
between the sizes of corresponding pumbers in the two gages ranges 
from about .0005 to .004 inch, the Stubs sizes being the smaller except 
in the cases of a few numbers where the systems coincide exactly. 


Twist Dritt AND STEEL WIRE GAGE SIZES 


No. Dia. No. Dia. No. Dia. No. Dia. 
of in of in of in of in 
Gage Inches Gage Inches || Gage Inches_ || Gage Inches 
I .2280 21 +1590 41 | .0960 61 .0390 
3 -2210 22 -1570 42 +0935 62 -0380 
3 «2130 23 -1540 43 -0890 63 -0370 
4 .2090 24 .1520 44 .0860 64 -0360 
5 -2055 2 21495 45 .0820 65 +0350 
6 .2040 20 1470 40 .o8To 66 -0330 
7 .2010 27 -1440 47 -0785 67 .0320 
8 -1990 28 +1405 48 .0760 68 -0310 
9 -1960 29 .1360 49 +0730 69 -02925 
10 -1935 30 -1285 || 50 .0700 7° -0280 
II -IQIO 31 -1200 5r .0670 71 -0260 
12 -1890 32 -1160 52 .0635 72 -0250 
13 .1850 33 -1130 53 0505 73 -0240 
14 .1820 34 -IIIO 54 +0550 74 -0225 
15 .1800 a6 -I100 55 +0520 75 +0210 
160 -1770 36 -1065 56 +0465 70 .0200 
17 .1730 37 +1040 57 +0430 77 -o180 
18 -1695 38 -TOIS 58 04.20 78 -o160 
19 .1660 39 -0995 59 -0410 |} 79 +0145 
20 -1610 40 -0980 | 60 .0400 |] 80 +0135 


STUBS’ GAGES 


In using Stubs’ Gages, the difference between the Stubs Iron Wire 
Gage and the Stubs Steel Wire Gage should be kept in mind. The 
Stubs Iron Wire Gage is the one commonly known as the English 
Standard Wire, or Birmingham Gage, and designates the Stubs soft 
wire sizes. The Stubs Steel Wire Gage is used in measuring drawn 
steel wire or drill rods of Stubs’ make and is also used by many 
American makers of drill rods. 


406 


DIFFERENT STANDARDS FOR WIRE GAGES 407 


DIMENSIONS IN DECIMAL PARTS OF AN INCH 


merica Birm- 

Number * De i. ingham, Rare Trenton} Stubs’ ae US: 
cae Pe [ee | Mon pH | GR Wire | Sead 
i Ships Wire Mfg. Co. : Gage 

OOSOOGNT 3. ayo oes Oy rere A Se bates Re Ae eel Ml 3 Wig -464 | .46875 

BOSCO cya wieta teen ela th eval ckeras ere B/ fo tel keh Pre, -432 |.4375 

o000 | .46 PABA SOS OOo |Siteate -400 | .40625 
000 40964 el liceSop Wars XS ol ooren bo acy bu lbaewis 
(ele) 3648 JOO MISS EON ee Oats 348 | .34375 
° .32486 FGAO sEGOOR ML. ZORr ai leraht ste 324 |.3125 
Tagen |; ©2003 +300 | .2830 | .285 227 | .300 |,.28726 
2 25763 .284 |.2625 | .265 -219 | .276 | .265625 
3 22942 +259 (| 52437.) 245 | 202 | 252 | 25 
4 -20431 238 |.2253 | .225 | .207 | .232 | .234375 
5 18194 220. | .2070 | .205 204 | .212 | .21875 
6 .16202 +203 | .1920 | .190 +201 | .192 | .203125 
7 14428 -180 |.1770 | .175 -199 | .176 | .1875 
8 -12849 165 |.1620 | .160 | .197 | .160 |.171875 
9 -TI443 -148 |.1483 | .145 -194 | .144 |.15625 


Io -10189 SEGA RLS SON nsO -I9Qr | .128 | .140625 
Ir -090742 | .120 |.1205 | .1175 | .188 | .116 |.125 

12 -080808 | .109 | .1055 | .105 -185 | .104 | .109375 
13 071961 | .095 |.0915 | .0925 | .182 | .og2 | .09375 
I4 064084 | .083 |.0800 | .o80 | .180 | .o80 |.078125 
15 -057068 | .072 |.0720 | .o70 178 | .072 | .0703125 
160 -05082 .065 | .0625 | .o6r 175 | .064 | .0625 
17 -045257 | .058 | .0540 | .0525 | .172 | .o56 | .05625 
18 -040303 | .049 | .0475 | .045 -168 | .048 | .05 

19 -03589 -042 |.0410 | .o40 .164 | .040 | .04375 
20 031961 | .035 | .0348 | .035 -16r | .036 | .0375 
21 028462 | .032 | .03175| .o31 <257 |, 032 | .034375 


aS -©25347 | .028 |.0286 | .028 +155 | .028 | .03125 
23 -02257I | .025 | .0258 | .025 -153 | .024 | .028125 
24 -O201 +022 | .0230 | .0225 | .I5I | .022 | .025 

25 -O179 +020 | .0204 | .020 | .148 | .020 | .021875 


26 -O1594 .or8 | .or8r | .or8 .146 | .or8 | .01875 
27 -O14195 | .o16 | .o173 | .o17 -143 | .o164 | 0171875 
28 -01264r | .or4 | .o162 | .o16 -139 | .0149 | .015625 
29 -OIT257 | .013 | .0150 | .o15 -134 | .0136 | .orqo625 


30 -O10025 | .o12 |.o1go | .or4 | .127 | .or24 | .or25 

31 -008928 | .oro | .o132 | .o13 -120 | .or16 | .0109375 
32 -00795 .009 |.0128 | .or2 -IT5 | .oro8 | .orors625 
33 -00708 -008 |.or18 | .orr -II2 | .OL00 | .009375 
34 -006304 | .007 |.0104 | .o10 | .r10 | .o0g2 | .00859375 
35 005614 | .005 |.0095 | .o095 | .r08 | .0084 | .co78125 
36 005 +004 | .0090 | .009 -106 | .0076 | .00703125 
37 -004453 -0085 | .103 | .0068 | .006640625 
38 -003965 .008 | .101 | .c060 | 00625 

39 -00353I -0075 | «099 | .0052 


40 -003144 .007 -097 | .0048 


408 WIRE GAGES AND STOCK WEIGHTS | 
Wire AND Dritt Sizes ARRANGED CONSECUTIVELY | 


" cel “wy w 
s |2 |2 | ge Ben ee Pe a 
a an ak a n BS | 
Dia. of a4 § ‘ao Bia Dia. of av 5 » | we ie 
Wie | 32/88/82) 28] Wie [52/82/28] 22 | 
ge AS | BE | Ba ga SE | 2E | ba | 
fs) n B Q n b 
Gage Number Gage Number | 
,00314 4° | .O4 58 50 
£00353 39 1042 19 57 58 
00397 38 +243 57 
.004 36 +045 56 
10045 37 +0453 17 
1005 30 | 35 0465 56 
.0056 35 .040 8 
0063 34 +050 55 
007 34 0508, 16 
.0071 33 1052 55 
-008 az e383 2055 54 54 
.0089 31 «0571 15 
.009 32 .058 17 53 
010 30 31 +0505 53 
.O113 20 .063 52 
.O12 3° +0635 52 
0126 28 0641 14 
.O13 20 80 .065 16 
0135 80 066 51 
.O14 28 79 .067 5t 
O1 42 27 .069 5° 
145 70 +070 50 
-O15 78 .O72 13 15 49 
159 26 073 49 
016 27 17 78 075 48 
O170 25 076 48 
.o18 26 76 77 O77 47 
.020 25 75 76 .0785 47 
.0201 24 079 46 
.O21 q5 .0808 12 
.022 24 74 .o8r 45 46 
0225 94 .082 45 
.0226 23 .083 14 
023 73 085 44 
024 72 73 .086 44 
.025 23 72 088 43 
0253 22 0890 43 
026 91 qt 0907 Ir 
027 7o -092 42 
028 22 7O -0035 42 
0285 au 005 13 41 
029 690 .096 4U 
0203 60 007 40 
«030 68 .098 4o 
.031 67 68 .000 30 
.032 20 a 66 67 | -0005 39 
033 65 66 101 38 
-035 20 64 65 «1015 38 
0350 19 +1019 10 
.036 63 64 +103 37 
.037 62 63 .104 37 
038 61 62 -106 36 
0390 & 61 1065 36 
.040 59 60 -108 35 
.0403 18 


WIRE AND DRILL SIZES 409 


WrrE AND Dritr SizEs ARRANGED CONSECUTIVELY 


7) 3 ? 7) 3 ae] 
BB ele )ae ee Breer LN 
a n ape 4 n n BE 
Gui | & RS alors ny ret 
c o | w Aa H Bix 2 na An 
Rice’ |g2| 2/22) 28| Rac 142 | 8] 22) o2 
| SE | 25 | aA AA | Se | SE | EA 
§ — n a 2 [aa] n sal 
Gage Number Gage Number 
+109 12 +203 6 
+110 34 35 .204 5 6 
-IIT 34 +2043 4 
-II2 33 +2055 5 
-I13 33 ||) -207 4 
-1144 9 200 4 
TI5 32 +212 3 
+116 32 213 ‘ 3 
+120 Ir 31 31 +270 ‘ 2 
+127 3° +220 uy 
1285 8 30 221 2 
+134 10 20 -227 I 
.136 20 228 I 
+139 28 +2204 3 
+1405 28 234 A 
143 27 238 4 B 
+144 27 242 c 
+1443 7 .246 D 
“140 26 +250 E 
147 26 257 F 
-148 9 25 +2576 2 
-1495 25 250 24 
-151 24 201 G 
152 24 266 H 
+153 23 +272 I 
+154 23 277 J 
155 22 281 K 
+157 2I 22 284 2 
+159 21 -2893 I 
161 20 20 290 L 
+162 6 205 M 
+164 19 +300 I 
-165 8 302 N 
-166 19 ~316 O 
-168 18 +323 P 
-1605 18 3240 ° 
172 17 332 Q 
173 17 “339 R 
-175 16 «340 ° 
RLY, 16 348 S 
178 15 358 at 
180 7 14 Is 3048 flo) 
-1819 5 368 U 
182 13 14 377 Vv 
«185 12 13 380 fore) 
188 Ir 386 W 
189 12 397 xX 
«IQ Io II -404 Bs 
-1035 10 -4096 000 
+104 9 413 Z 
-196 425 000 
107 8 454 000 
-199 7 8 -460 0000 
«201 6 7 
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WIRE GAGES AND STOCK WEIGHTS 


STUBS’ STEEL WIRE SIZES AND WEIGHTS 


As stated in the explanatory note regarding Stubs’ Gages at the 
bottom of page 406 the Stubs steel wire gage is used for measuring 
drawn steel wire and drill rods of Stubs’ make and is also used by 
various drill rod makers in America. 


Stuss’ STEEL WIRE SIzEs, AND WEIGHT IN PoUNDs PER LINEAR Foor 


Letter 
and No. in 
of Gage| Inches 


-413 
-404 
+397 
386 
377 
368 
358 
“348 
+339 
+332 
eek 
-316 
-302 
+295 
.290 
.281 
+277 
272 
.266 
-261 
+257 
«250 
.246 
+242 
238 
+234 
-227 
+219 
~202 
+207 
+204 
-201 


0 OI OM RO DH PROURFAOMHIAMEAZOWOROHAISSKKN 


Weight 


per 
Foot 


Weight 
per 
Foot 


Dia. | Weight 
in per 
Inches | Foot 
+079 | .O17 
-077 | .016 
.075 | .O15 
.072 | .O14 
.069 | .o13 
.066 | .o12 
-063 | .orr 
-058 | .009 
+055 | .008 
-050 | .007 
<045 | .006 
-042 | .0047 
+041 | .0045 
.040 | 0042 
-039 | .0040 
.038 | .0039 
:037 | .0037 
.036 | .0035 
1035 | .0033 
-033 | .0029 
.032 | .0027 
.031 | .0026 
+030 | .0024 
.029 | .0022 
-027 | .0020 
.026 | .oor8 
-024 | .OO15 
.023 | .oorg 
.022 | 0013 
.020 | .OOIL 
-018 | .coog 
.016 | .0007 
«O15 | .0006 
-O14 | .0005 
+013 | .c004 


WEIGHTS OF SHEET STEEL AND IRON  4iII 


Music WIRE SIzES 


No. of | Wash- jes No. of Wash- Webster No. of | Wash= | Webster 


Gage yey Horsefall Gage poe & Horsefall Gage tee enn 
8-0 |.0083 6 |.0215 | .o16 19 |.0414 | .043 
7-0 |.0087 We nO .o18 20 | .0434 | .045 
6-0 |.0095 8 | .0243 | -020 2t | .046 -O47 
5-o |.010 9 |.0256]| .o22 22 |.0483 | .052 
4-9 |.or1 .006 Io | .027 -024 23 O51 1055 
BeOm|OErz -007 Ir |.0284] .026 24 | .055 -059 
2-0 |.0133 | .008 12 |.0296] .029 25 |.0586] .o6r 
I-O |.0144 | .009 IZ. | .0314 | .o3r 26 | .0626 | .065 
I .0156 | .oro 14 | .0326 |: .033 27 | .0658 | .070 
2 .0166 | .orr T5 | .0345 |, .035 28 | .072 .072 
3 .0178 | .o12 16 | .036 -037 29 | .076 -077 
4 .or88 | .o13 Ty) e039 74 «O80 30 | .0o80 .083 
5 -0202 | .O14 18 | .0395 | .o4r 
WEIGHTS OF SHEET STEEL AND TRON 
UNITED STATES STANDARD GAGE 
(Adopted by U. S. Government, July 1, 1893) 
eee App. | Weicut PER SQ. Foor Shy App. |WercuHT PER Sq. Foor 
Gage as Steel _ Jron Gage Phickness Steel Tron 
0000000 | .5 20.320 | 20,00 £7 | .o5625 |, 2.286 t2.25 
000000} .46875 | 19.050 | 18.75 18 | .05 2.032 oe, 
, 00000 | .4375 17.780 | 17.50 IQ | .04375 | 1.778 Legs 
0000} .40625 | 16.510 | 16.25 20 | .0375 1.524 | 1.50 
000 | .375 15.240 | 15.00 21 | .0343 1.397 1.375 
00} .34375 | 13-979 | 13.75 22 | .03525 1.270 E25 
oO} .3125 12.700 | 12.50 23 | .02812 | 1.143 I.125 
r| .28125 | 11.430 | 11.25 24 | .025 1.016 hie 
2) .26562 | 10.795 | 10.625 | 25 | .o2187 903 875 
3) .25 10.160 | 10.00 26 | .01875 -762 75 
4| .23437 | 9.525 | 9.375 | 27 | .or718 | .698 -687 
5| .21875 | 8.890 | 8.75 28 | .or562 635 -623 
6] .20312 | 8.255 | 8.125 | 29 | .o1406 571 562 
7| .1875 7.620.) 715 30 | .or25 508 ds 
8| .17187 | 6.985 | 6.875 | 31 | .o1093 -440 437 
9| -15625 | 6.350] 6.25 32 | .o10rs 413 .406 


1O| .14062 | 5.715 | 5.625 | 33 | .00937 | . -381 +375 
II| .125 5-080 | 5.00 34 | .00859 349 343 
I2| .10937 | 4.445 | 4.375 | 35 | .o078r FERIA 312 
13] -.09375 | 3.810 | 3.75 36 | .00703 285 281 
14) .07812 | 3.175 | 3.125 | 37 | .00664 +271 «265 
15| .07031 2.857 2.812 | 38 | .00625 254 +25 

16| .0625 2.540 | 2.50 


Weight of 1 cubic foot is assumed to be 487.7 !bs. for steel plates 
and 480 lbs. for iron plates. p 
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WEIGHTS OF STEEL, WrouGHT IRON, BRASS AND COPPER PLATES 


AMERICAN OR BROWN & SHARPE GAGE 


‘Thickness 

of in 
Gage Inches 

0000 .46 
000 4096 
fore) 3648 
o 3249 
I 2893 
2 2576 
3 2204 
4 +2043 
5 .1819 
6 1620 
7 1443 
8 1285 
9 1144 
10 101g 
11 0908 
12 0808 
13 0720 
14 -0641 
15 .0571 
16 -0508 
17 0453 
8 -0403 
19 0359 
20 0320 
2 0285 
22 -0253 
23 .0226 
24 .O201 
25 -O179 
26 -O159 
27 -O142 
28 .01 26 
29 -O113 
30 -O100 
31 -0089 
32 -0080 
33 .0071 
34 .0063 
35 -0056 
36 +0050 
37 -0045 
38 -0040 
39 +0035 
40 +0031 


WEIGHT IN Lbs. PER SQUARE Foor 


Steel Tron Brass Copper 
18.77 18.40 19.688 20.838 
16.71 16.38 17.533 18.557 
14.88 14.59 15.613 16.525 
13.26 13.00 13.904 14.716 
11.80 ERS 12.382 13.105 
10.51 10.30 11.027 11.670 

9.39 9.18 9.819 10.392 

8.34 8.17 8.745 9.255 

7.42 7.28 7.788 8.242 

6.61 6.48 6.935 7.340 

5.89 5-77 6.175 6.536 

5.24 5-14 5-499 5.821 

4.07 4.58 4.898 5.183 

4.16 4.08 4.301 4.616 

3.70 3-63 3-884 4.110 

3.30 3.23 3.458 3.660 

2.94 2.88 3.080 3.200 

2.62 2.50 2.743 2.903 

B33 2.28 2.442 2.585 

2.07 2.03 2.175 2.302 

1.85 1.81 1.937 2.050 

1.04 1.61 1.725 1.825 

1.46 1.44 1.536 1.626 

I.31 1.28 1.367 1.448 

1.16 I.14 1.218 1.289 

1.03 1.01 1.085 1.148 

.922 .9o4 .966 1.023 
820 .804 .860 -910 
730 -716 -706 SIT 
-649 .636 -682 hes 
+579 568 -608 -643 
“514 504 +541 573 
.461 -452 .482 +510 
-408 .400 -429 -454 
363 356 -382 +404 
326 320 +340 360 
290 -284 «303 +321 
257 +252 .269 -286 
228 +224 +240 +254 
190 -188 -214 -226 
-169 -167 -IQT +202 
-I51 -149 -170 -180 
-134 S132 +151 -160 
+119 -118 a85 .142 


WEIGHTS OF SHEET METAL 
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WEeIcuts or STEEL, WRoucHt Iron, BRAss AND Copper PLATES 


BIRMINGHAM OR STUBS’ GAGE 


WEIcHT IN Lbs, PER SQUARE Foor 


Nes Thickness 
to) in 

Gage Inches Steel Tron Brass Copper 
0000 454 18.52 18.16 19.431 20.550 
000 425 17.34 17.00 18.190 19.253 
fore) -380 15.30 15.20 16.264. 17.214 
° 340 13.87 13.60 14.552 15.402 
I +300 12.24 12.00 12.840 13-590 
2 284 11.59 11.36 12.155 12.865 
3 +259 10.57 10.36 11.085 11.733 
4 238 9.71 9-52 10.186 10.781 
5 220 8.98 8.80 9.416 9.966 
6 203 8.28 8.12 8.689 9.196 
7 180 7.34 7.20 7.704 8.154 
8 165 6.73 6.60 7.062 7475 
9 148 6.04 5-92 6.334 6.704 
10 +134 5-47 5-36 5-735 6.070 
II 120 4.90 4.80 5-137 5-436 
12 109 4.45 4.36 4.6607 4.938 
13 095 3.88 3.80 4.006 4.303 
14 083 3-39 3-32 3-552 3-799 
15 o72 2.94 2.88 3.081 3-262 
16 .005 2.05 2.60 2.782 2.945 
17 058 2.37 2.32 2.482 2.627 
18 -049 2.00 1.96 2.007 2.220 
19 042 wee 1.68 1.797 1.902 
20 035 1.43 1.40 1.498 1.585 
2 032 I.31 1.28 1.369 1.450 
22 028 1.14 Tl2 1.198 1.270 
23 025 I.02 1.00 1.070 1.132 
24 022 898 88 -O4T -997 
25 020 816 -80 856 -906 
26 o18 734 oe 770 815 
ay o16 653 -64 +685 725 
28 or4 571 56 599 -634 
29 O13 530 ee 550 589 
30 or12 -490 .48 «514 +544 
31 oro -408 -40 -428 +453 
32 009 367 36 £385 -408 
33 008 326 32 342 362 
34 007 .286 28 -2996 +317 
35 005 «204 20 214 2227 
30 004. -163 16 pre .181 


414 WIRE GAGES AND STOCK WEIGHTS 


WeIcHTS OF STEEL, Iron, BRASS AND CopPER WIRE 
AMERICAN: OR BROWN & SHARPE GAGE 


a8 Dia. Wercut IN Las. PER tooo Linear Freer 
in : a 
Gaze Inches Steel Tron Brass Copper 
0000 .4600 566.03 560.74 605.18 640.51 
000 -4096 448.88 | 444.08 | 479.91 | 507-95 
fore) 3648 355-99 352.66 380.67 402.83 
° -3247 282.30 279.67 301.82 319-45 
I +2893 223.89 221.79 239.35 253-34 
2 +2576 177-55 175-89 189.82 200.91 
8 -2294 140.80 139.48 150.52 159.32 
4 -2043 111.66 110.62 119.38 120.35 
5 -1819 88.548 87.720 94.666 | 100.20 
6 .1620 70.221 69.5605 75.075 79.402 
7 1447 §5-085 | 55-165 | 59-545 | 63-013 
8 .1.285 44.164 | 43-751 | 47.219 | 49-976 
9 “1144 35.020 | 34.699 | 37-437 | 39-036 
10 1019 27.772 27.512 29.687 31.426 
Ir .0907 22.026 21.820 23.549 24.924 
12 .0808 17.468 17.304 18.076 19.706 
13 .07 20 13.851 13.722 14.809 15-074 
14 .0641 10.989 10.886 11.746 12.435 
15 -O571 8.712 8.631 9.315 9.859 
16 0508 6.909 6.845 4.587 7.819 
17 .0453 5.478 5-427 5-857 6.199 
18 .0403 4-344 4.304 4-045 4.916 
19 +0359 3-445 3-413 3-684 3-899 
20 .03 20 2.734 2.708 2.920 3-094 
ar -0285 2.167 2.147 2.317 2.452 
22 -0253 1.719 1.703 1.838 1-945 
23 .0226 1.363 1.350 1.457 1.542 
24 .0201 1.081 1.071 I.155 1.223 
25 -0179 8571 8491 9163 -9699 
20 0159 6797 -6734 7267 .7692 
uh -0142 “5391 +5340 +5763 -6099 
28 .0126 .4275 4235 .4570 4837 
29 -O113 3389 +3358 3624 3835 
3° -O100 .2688 -20063 .2874 ~3042 
3r -0089 -2132 2113 .2280 -2413 
32 -0080 1691 .1675 |, «1808 «1913 
33 -0071 «1341 1328 +1434 +1517 
34 .0063 -1063 -1053 1137 1204 
35 .0056 .0844 0836 .0gol 0956 
36 .0050 .0668 .0662 0715 0757 
37 0045 10530 0525 .0567 .0600 
38 .0040 .0420 .0416 -0449 0475 
39 0035 0333 +0330 -0350 +0375 
4° .0031 .0204 .0262 .0282 .0299 


ooo 00oo——————“ooamm——=™=—™, "rvV1''™' 


WEIGHTS OF WIRE 415 
WEIGHTS oF IRON, BRASS, AND CoprEeR WIRE 
BIRMINGHAM OR STUBS’ GAGE 
eo: Dia WEricHT IN LBs. PER 1000 LINEAR FEET 
in 
Gage Inches Iron ie Brass Copper 
0000 -454 540.21 589.29 623.2 
ferete) +425 478.65 516.41 546.1 
(ole) 380 382.66 412.84 436.6 
) +340 306.34 330.50 349.5 
I «300 238.50 257.31 272.1 
2 +284 213.74 230.60 243-9 
iB -259 ty Ss wf 191.79 202.8 
4 238 TSO 161.95 171.3 
5 .220 128.26 138.37 146.3 
6 -203 109.20 117.82 124.6 
7 180 85.86 92.63 97.96 
8 165 72.14 77.83 82.31 
9 148 58.05 62.62 66.23 
10 +134 47-58 51.34 54-29 
II -I20 38.16 41.17 43-54 
12 +109 31-49 33-97 35-92 
13 +095 23.92 25.80 27.29 
14 -083 18.26 19.70 20.83 
15 072 13.73 14.82 15.07 
16 065 II.19 12.08 aE 
17 .058 8.92 9.62 10.17 
18 -049 6.36 6.86 7.259 
19 +042 4.67 5.04 5-333 
20 +035 3.25 2 ha 3.704 
2 .032 2.71 2.03 3.096 
22 028 2.08 2.24 2.370 
23 025 1.66 1.79 1.890 
24 022 1.28 1.39 1.463 
25 020 1.06 I.14 1.209 
26 o18 863 .926 -979 
27 o16 680 732 -774 
28 O14 -520 -560 -592 
20 O13 -438 483 25EL 
30 or2 382 -412 -435 
31 oro -266 -286 302 
32 009 212 232 +244 
33 008 .167 -183 -193 
34 007 -133 -140 -148 
35 005 -066 .O71 -075 
36 004 .046 .048 1052 


416 WIRE GAGES AND STOCK WEIGHTS 
WEIGHTS OF STEEL AND IRON BARS PER LINEAR Foor 
Dia. or Dis- __ Sree. | Tron 
tance Across' Weight per Foot Weight per Foot 
Flats Round Square | Hexagon | Octagon ~~ Round | Square _ 
ts O10 +013 O12 O11 O10 013 
t .042 053 .046 -O44 -O41 052 
vs -094 «119 -103 +099 +092 117 
4 167 +212 185 sy 4 164 .208 
ys 201 +333 288 ayy 256 320 
t 375 478 414 398 368 .469 
yes +51 O51 564 +542 501 -638 
$ 667 850 737 708 654 833 
ys 845 1.076 932 896 828 1.055 
§ 1.043 1.328 | - 1.15% 1.107 1,023 1.302 
4h 1.262 | 1.608 | 1.393 | 1.331 1.237 | 1.576 
} 1.502 | 1.913 | 1.058 | 1.584 1.473 | 1.875 
ana 1.763 2.245 1.944 1.860 1.728 2.201 
t 2.044 | 2.603 2.250 | 2,156 2.004 | 2.552 
+3 2.347 2.989 | 2.591 2.482 2.301 2.930 
I 2.670 | 3.400] 2.947 | 2.817 2.618 | 3.333 
1}5 3-014 | 3-838 | 3.327 | 3.182 2.955 | 3.763 
1} 3-379 | 4.303 | 3.730 | 3.568 3-313 | 4.219 
15 3-706 | 4-795 | 4-156 | 3.977 3-692 | 4.704 
1} 4-173 | 5.312] 4.605 | 4.407 4.091 | 5,208 
ry'y 4-600 | 5.857 | 5.077 | 4.858 4-510 | 5.742 
1} 5-049 | 6.428 | 5.571 | 5.33% 4.950 | 6.302 
ty'g 5.518 | 7.026] 6.091 | 5.827 5.410 | 6,888 
1h 6.008 7.650 | 6.631 6.344 5.890 | 7.500 
115 6.520 | 8.301 7.195 | 6.905 6.392 | 8.138 
14 7.051 | 8.978 | 7.776 | 7.446 6.913 | 8.802 
rt} 7.604 | 9.682 | 8.392 | 8.027 7-455 | 9.492 
1} 8.178 | 10.41 9.025 | 8.635 8.018 | 10,21 
1}4 8.773 | 11.17 9.682 | 9.264 8.601 | 10.95 
1h 9.388 | 11.95 10.36 9.918 9.204 | 11.72 
1t§ 10.02 | 12.76 | 11.06 | 10.58 9.828 | 12.51 
2 10.68 13.60 11.79 | 11.28 10.47 13.33 
2} TAOOs yrs. 3h" | aan 12.71 11.82 | 15.05 
2} 13.52 | 17.22 | 14,902 | 14.24 13-25 | 16.88 
2} 15.07 19.18 16,02 15.88 14.77 18.80 
2h 16.69 | 21.25 | 1842 | 17.65 16.36 | 20.83 
28 18.40 | 23.43 20.31 19-45 18.04 | 22.97 
2} 20.20 | 25.71 22.29 | 21.28 19.80 | 25.21 
2k 22.07 | 28.10 | 24.36 | 23.28 ar.64 | 27.55 
a 24.03 | 30.60 | 26.53 25.36 23.50 | 30.00 
3t 26.08 | 33.20 | 28.78 | 27.50 25-57 | 32.55 
3t 28.20 | 35.92 | 31.10 | 29.28 -27.05 | 35.21 
3% 30.42 | 38.78 | 33.57 | 32.10 29.82 | 37.97 
34 4a.7n iar.Os (1 36.0, | sates 32.07 | 40.83 
3k 35-09 | 44.68 | 38.73 | 37.05 34-40 | 43.80 
34 37-56 | 47.82 | 41.45 | 39.68 36.82 | 46.88 
3h 40.10 | 51.05 | 44.26 | 42.35 39.31 | 50.05 
4 42.73 | 54.40 | 47.16 | 45.12 41.89 | 53-33 
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| WEIGHTS ¢ or Brass, Copper AND ALUMINUM Bars PER LINEAR Foor 


Dia. or Brass Coprrer ALUMINUM 
meets Weight per Foot | Weight per Foot _ Weight per Foot — 


ee Round | Square | Hexagon || Round Square Round | Square 
ae r 


ts OIL O14 .013 O12 O15 003 004 
+ +045 +055 048 047 .060 O14 -o1r8 
ts +100 +125 -108 -106 135 032 O41 


4 +175 +225 104 189 +241 +057 -072 
yr 275 350 30% -296 seus -089 -1I4 


g +395 +510 436 420 542 128 163 
ts -540 -690 592 +579 sR -174 +222 
4 -710 905 728 757 -904 .227 +290 
rs +900 | 1.15 -978 -958 1.22 .288 367 
g I.10 1.40 1.24 1.18 1.51 +356 453 
H 1.35 ap 1.45 1.43 1.82 -430 +548 


F 1.06 2.05 1.73 1.70 2.17 516 652 
4h 1.85 2.40 2.03 2.00 2.54. .6or -766 
t 2.15 2.75 2.36 2.32 2.95 -697 888 
1g 2.48 ds 27% 2.66 3-39 -800 |] 1.02 
I 2.85 3.05 3-10 3.03 3.86 -OIL 1.16 
Ips 3-20 4.08 3:49 3-42 4.35 1.03 1.31 
rt 3-57 4.55 3-91 3.81 4.88 1.15 1.47 
Izy 3-97 5-08 4.38 4.27 5-44 1.28 1.04 
1} 4.41 5.65 4.82 4.72 6.01 1.42 1.81 
Ips | 4.86 6.22 5-33 5.21 6.63 1.57 2.00 
it 5-35 6.81 5.76 5:72 7.24 1.72 2.19 
Iz | 5.80 7-45 6.38 6.20 7.97 1.88 2.40 
1h 6.37 8.13 6.92 6.8 8.67 2.05 2.61 
Ips | 6.92 8.83 9.54. 7.39 9.41 2.22 2.83 
1% 7.48 9-55 8.15 7.99 | 10.18 2.41 3.06 
1Ht | 8.05 | 10.27 8.80 8.45 | 10.73 2.59 3.30 
1} 8.65 | 11.00 9.47 9.27 | 11.80 2.79 3555 
rt} | 9.29 | 11.82 | ro.xrs5 9:76 | 12.43 2.99 3.81 
1f 9.95 | 12.68 | 10.86 || 10.64 | 13.55 3.20 4.08 
tg | 10.58 | 13.50 | 11.68 |} rz.27 14.15 3-41 4.35 
2 11.25 14.35 12.36 12.11 15.42 3.64 4.04 
2} 12.78 | 16.27 | 13.92 13.67 17.42 4.11 5-24 
2} 14.32 | 18.24 | 15.72 || 15.33 | 19.51 4.01 5-87 
2} 15.96 | 20.32 | 17.52 |} 17.08 | ar.74 5-14 6.54 
2k 17-68 | 22.53 | 19.44 || 18.92 | 24.09 5.69 7.45 
28 | 19.50 | 24.83 | 21.24 || 20.86 20.56 6.27 7.99 
2} 2I-40 | 27.28 23.40 |] 22.89 | 29.05 6.89 8.53 
4 23-39 | 29.78 | 25.82 || 25.02 | 31.86 7.52 9.58 
25-47 | 32.43 | 27.84 || 27.24 | 34.69 8.20 | 10.44 
: 39-45 | 38.77 | 32.76 |} 31.97 | 40.71 9.62 | 12.2 
i 


35-31 | 44.96 | 37.80 |] 37.08 | 47.22 || r1.16 | rq.21 
40.07 | 51.01 43-56 || 42.115 53-61 12.81 16.31 
46.12 | 58.73 | 49.44 |] 48.43 61.67 14.56 | 18.56 
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WEIGHTS OF SEAMLESS BRASS TUBING 
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HORSE-POWER, BELTS AND SHAFTING 


Horse-Power 


Horsr-PoweEr is an arbitrary unit of measurement which has been 
adopted for measuring the work of engines or machines. It is given 
as 33,000 foot pounds per minute which means 1 pound lifted 33,000 
feet per minute or 33,000 pounds lifted 1 foot per minute or 330 
pounds lifted roo feet per minute, or any combination which gives 
33,000 foot pounds per minute. 


Steam Engine Horse-Power 


In a steam engine it means the effective steam pressure per square 
inch, times the length of piston movement per revolution in feet, 
times the piston area in square inches, times the number of revolu- 
tions per minute, and all divided by 33,000. This is easily remem- 
bered by the formula 


PLAN 
33000 
where 
P = mean effective pressure per square inch. 
L = length of a double stroke in feet. 
A = area of piston in square inches. 
N = number of revolutions per minute. 


Electrical Power 


As compared with electrical units the mechanical horse-power 
equals 746 watts or nearly ? of a kilowatt. So that a kilowatt (1000 
watts) equals 1.34 horse power. 


Gas Engine Horse-Power 


The A.L.A.M. rating for gasoline engines, which means the rating 
adopted by the American Licensed Automobile Manufacturers, is 
based on the assumption that the piston speed is tooo feet per minute 
in all cases. This gives 1500 revolutions per minute for a 4-inch 
stroke motor, which is about average practice. 


420 


AUTOMOBILE MOTOR HORSE-POWER 421 


A. L. A.M. HORSE-POWER RATING 


2 
Tuer formula adopted is es and based on tooo feet per min- 


ute piston speed. D is the cylinder bore, N the number of cylinders, 
and 2.5 a constant, based on the average view of the Mechanical 


| 


Branch as to a fair conservative rating. 


Tasie or Horse-PowrER For Usuar Sizes or Motors, BAsrep ON 
A.L.A.M. FormMULA 


Bore Horsr-Power 
Ins. M/M r Cyl. 2 Cyls. 4 Cyls 6 Cyls. 
23 64 Des 5 10 15 
23 68 oe 52 rr 104 
24 70 34 6 1245 185 
25 73 3i6 65 134 198 
3, is 3}, 7b 145 215 
34 79 3té 748 155, 2313 
34 83 44 83 104% 255 
38 85 416 98 184 27% 
33 89 410 9% 19% 208 
35 2 54 103 20% 31h 
‘ 3a 95 58 Il4 229 334 
38 99 6 12 24. 3075 
4 102 62 12# 25% 382 
45 105 Ors 138 274, 4019 
44 108 74 142 28 "5 435 
48 III 738 1576 305 4516 
43 114 80 164 325 483 
43 118 875 17s 344 515 
44 121 9 18 3075 54¢0 
48 124 92 19 38 57 
5 127 Io 20 40 60 
Sf 130 10% 21 2 63 
54 133 1 22 44710 664 
58 137 ris 23 46 6015 
52 140 1275 24h 48% 2% 
5 5 5 5 se 
58 143 125 2576 59s 731 
5s 146 134 er 53, 29% 
53 149 13th 278 554 215 
6 152 148 28% 578 86 


To simplify reading of the above, the horse-power figures are 


japproximate, but correct within one-sixteenth. 


422 HORSE-POWER, BELTS AND SHAFTING 


DRIVING POWER OF LEATHER BELTS 


Tue question of the proper size of a leather belt for a given power 
transmission resolves itself into a question of selecting various fac- 
tors. These factors have been worked out by experiments, by ana- 
lytical methods, and in practice. 

The horse-power that a belt will transmit depends upon the effective 
tension and the belt speed. The effective tension depends upon 
the difference in the tensions of the two sides of the belt and on 
the surface friction, which depends upon the ratio of the tensions 
and the angle of belt contact with pulley. 

xperiments and practice have shown that a belt of single thick- 
ness will stand a stress of 60 pounds per inch of width and give good 
results, that is, it will only require an occasional taking up and will 
have a fairly long life. ‘The corresponding values for double and 
triple belts are 105 and 150 pounds per inch of width provided the 
pulleys are not too small. 

Experiments have shown that on small pulleys the ratio of the 
tensions should not exceed 2, on medium pulleys 2.5, and on large 
pulleys 3. The larger the pulley, the better the contact; also the 
thinner the belt, the better the contact for the same size of pulley. 
When the pulley diameter in feel is three times the thickness of the 
belt in inches, or in this proportion, we get equivalent results for 
different thicknesses of belts. This gives us a method of classifying 
our pulleys. The belt has to adjust itself in passing over a pulley 
due to its own thickness. Some adjustment is also necessary on 
account of the crowning of the pulley. These adjustments account 
for the different ratios for the various pulley diameters. The effects 
of the crown and pulley diameters are not usually considered in belt 
rules, although they should be. The ratios given are for 180 degrees 
wrap and decrease with less contact. 

The creep of the belt depends upon its elasticity and the load, 
and experiments have shown that this should not exceed 1 per cent. 
in good practice. In order to keep this creep below 1 per cent. it 
is necessary to limit the difference of tension per inch of width of 
single belt to 40 pounds. The corresponding values for double and 
triple belts are 70 and roo pounds per inch of width. These figures 
are based on an average value of 20,000 for the running modulus of 
elasticity of leather belting. 

Table x has been prepared on the basis of these limitations and 
gives a value for the factor or constant F in the equation : 

HP. = VX ond H.P.XF 

PF ¥ { 

in which 7 P is the horse-power, V the belt velocity in feet per minute, 
and W the width in inches. 

Table 2 gives corrected values for 7, when the arc of contact o 
wrap is greater or less than 180 degrees. On large pulleys th 
creep may exceed 1 per cent. if the wrap is over 180 degrees, 
the increased friction gives a greater difference of tensions. 

To illustrate the use of the tables, we will take the followi 
examples: 
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FACTORS FOR BELT POWER 
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424 HORSE-POWER, BELTS AND SHAFTING 


How much horse-power will a 4-inch single belt transmit at a speed 
of 4600 feet per minute passing over a 12-inch pulley? The factor 
is 920, therefore, 

4600 X 4 — 29 HP, 
920 

How wide should a belt be in order to transmit 50 horse-power 

at 2000 feet per minute on a 36-inch pulley? 
w= 2 X 830 
2060 
This gives a width of single belt beyond the usual limit, 8 inches 
being considered good practice for the maximum width of a single belt. 
= © 500x120 
W=>— 
2000 

How wide should a single belt be in order to transmit 2 horse- 
power at 600 feet per minute over a 4-in. pulley with 140 deg. wrap? 

In this case we take the factor t1r00 from Table 1 and in Table 2 
find a corrected value for 1100 under 140 degrees of 1270. 

Wis 2X 1270 
600 

How wide a belt is required for 300 horse-power at 2000 feet per 
minute over a 10-foot pulley? 

W = ese ach 70.5-inch double belt. 
2000 

This is too wide. Good practice calls for a change to triple at 

48 inches unless for some special reason a narrower belt is necessary. 
w = 302.X 330 
2000 

The results given by these factors are well within working values 
and the belts will probably transmit 50 per cent. more power than 
these factors, but at the expense of the life of the belt. A liberal 
allowance at the beginning means less annoyance, fewer delays in 
taking up the belts, longer life and less cost for renewals and repairs. 


= 20.7-inch single belt. 


= 13-inch double belt. 


= 4.23-inch single belt. 


= 49.5-inch triple bell. 


Transmission of power in mill work is by gearing, by shafting, 
‘by electric motors, and by leather and rope belting, and which of 
these should be used in a particular case is a problem for the engineer 
in charge to determine. 

For successful work the pulleys must be large in diameter and 
must have a smooth surface where the rope bears upon them. ‘The 
speed and the load on the rope must also be such as experience has 
shown to be economical. When these conditions are fulfilled, a 
rope drive is a very satisfactory method of transmitting power. 

The table shows the horse-power of driving ropes and the diameter 
of pulleys that should be used for this purpose. This table takes 
into consideration the effects of the centrifugal force, so that the 
strain on the rope is constant on the driving side in transmitting the 
tabular power, no matter what the speed may be. While many 
engineers recommend a much larger horse-power, we believe the 
estimates here given are advisable except in temporary installations. 
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Horse-Powrr or MANILA ROPE 


Dia. Velocity, Feet per Minute 
19) 

Rope 1,000 | 1,500 | 2,000 | 2,500 | 3,000 | 3,500 | 4,000 | 4,500 | 5,000 | 5,500 | 6,000 
oO aes eee aA Ss lec Omen Olle OrOMued soul egal Nia Aull gee lO.) 
FBO | ALS I 5-0: [4 27.01) 1 Se2)|) 0.0] 4.9.0)| 9.8 | TO;0.| "9.6 |, O10 

I ALONE ONIN Ty Hor 2 MOLOlaues S| 2271 12.0) | 3:0.\|) 02.7, ena. 
Teal 5:On- oFe5 1 O27 | LI.0 1.03.5 || £40 ||| L000 10.3 | 26.7, TO.6 | 5.3 
Tz || 6.3 | 9:2 | £2-0 |, 14.3 | 16.7 |. 18.5 | 20.0 | 20.2 |\20.7 | 20.1 | 18.0 
12 | 7.5 | 10.8 | 14.4] 17.4 | 20.0] 22.2 |.23.7 | 24.5 | 24.6 | 24.0 | 22.3 
13 | 9.0 | 13.5 | 17.4 | 20.7 | 23.0 | 26.3 | 28.7 | 29.0] 29.5 | 28.6 | 26.7 
12 | 10.5 | 15.5 | 20.1 | 24.3 | 27.9 | 30.8 | 32.9 | 34.1 | 34.3 | 33-3 | 31-0 
12 | 12.3 | 18.0] 23.6 | 28.2 | 32.7 | 36.4 | 38.5 | 39.4 | 40.5 | 38.7 | 36.0 
2 | 16.0 | 23.2 | 30.6 | 46.8 | 42.5 | 46.7 | 50.0 | 51.7 | 52.8 | 50.6 | 47.3 
24 | 20.0 | 29.6 | 38.6 | 46.6 | 53.6] 59.2 | 63.6 | 65.8 | 66.3 | 64.4 | 60.3 
2k | 25.0 | 360.0| 47.7 | 57-5 | 66.0| 71.2 | 78.0 | 80.0 | 81.0 | 79.0 | 73.8 
Data or MANILA TRANSMISSION ROPE 

3 < Length of Splice, ju 
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Weight of transmission rope ......... 
Breaking strengths). Mee giesehhe. 5 
Maximum allowable tension ......... 200 X diameter.” 
Diameter smallest practicable sheave. . 36 X diameter. 
Velocity of rope (assumed)........... 5,400 feet per minute. 


-34 X diameter.” 
7,000 X diameter.? 


Hie ud ted 
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BELT FASTENINGS 


The best fastening for a belt is the cement splice. It is far 
beyond any form of lacing, belt hooks, riveting, or any other 
method of joining together the ends of a belt. The cement joint is 
easily applied to leather and to rubber belts, but to make a good 
cement splice in a canvas belt requires more time and apparatus 
than is usually at hand. Good glue makes a fine cement for leather 
belts, and fish glue is less affected by moisture than the other. 
Many of the liquid glues are fish glue treated with acid so as not 
to gelatinize when cold. A little bichromate of potash added to 
ordinary hot glue just before it is used will render it insoluble in 
water. 


Belt Hooks 


There are many styles of belt hooks in use, some of the more com- 
mon kind being shown in Figs. r, 2,3 and 4. Fig. 2 is practically 
a double rivet, Fig. 3 a malleable iron fastening, although similar 
hooks have been made of pressed steel, and Fig. 4 is the Blake stud, 
which has the advantage of not weakening the belt but makes a 
hump on the outside where the ends turn up. Fig. 5 is the Bristol 
hook of stamped steel which is driven in the points turned over on 
the other side. Fig. 6 is the Jackson belt lacing and is applied 
by a hand machine which screws a spiral wire across the ends of a 
belt. These are then flattened and a rawhide pin or a heavy soft 
cord used as a hinge joint between them, These joints are probably 
equal to go per cent. of the belt strength. 


Lacing Belts 


Belts fastened by lacing are weakened according to the amount 
of material punched out in making the holes to receive the lacing. 
It is preferable to lace with a small lacing put many times, through 
small holes. Such a joint is stronger than a few pieces of wide lacing 
through a number of large holes. Figs. 7 and 9 illustrate two forms 
of belt lacing, the latter being far preferable to the other. The lacing 
shown by Fig. 7 is in a double leather belt 5 inches wide. The width 
makes no difference as the strength is figured in percentage of the 
total width. There are four holes in this piece of belt, each hole 
2 inch in diameter. The aggregate width thus cut out of the belt is 
4X% inch=42=1} inches. Then 1.5+5=0.30, or 30 per 
cent. of the belt has been cut away—nearly one-third of the total 
strength. 


Another Method of Lacing 


In Fig. 9 a different method is followed. Instead of there being a 
few large holes, there are more smaller ones—one fourth more, in 
fact. There are five holes, each ,’y inch in diameter, making a 
total of }4 inch or 0.9375 + 5=18} per cent., leaving 81} per 
cent. of the total belt strength against 70 per cent. in the belt with 
large holes. A first-class double leather belt will tear in two under 
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a strain of about 500 pounds to each lace hole, the strain being 
- applied in the holes by means of lacings. 

The belt shown by Fig. 9 has 81} per cent. of 1.875 square inches 
of section, = 1.525 square inches left after cutting out the five holes. 
This amount is good for 3000 X 1.875 = 5625 pounds breaking 
strain, and as the lacing will tear out under 2500 pounds, it will be 
seen that we cannot afford to use lacings if the full power of the 
leather is to be utilized. This, under a factor of safety of 5, would 
be 1125 pounds to the square inch, or 1125 X 1.525 = 1715 pounds 


Belt Hooks and Lacings 


working strain for the belt, or 1715 + 5 = 343-5 pounds to each 
lace. ‘This, too, is too much, as it is less than a factor of safety of 2. 

The belt to carry 40 pounds working tension to the inch of width 
must also carry about 4o pounds standing tension, making a strain 
of 80 pounds to the inch, or 80 X 5 = 400 pounds. This is a better 
showing, and gives a factor of safety of 2500 + 4oo = 6}. Still, we 
are wasting a belt of 5625 pounds ultimate strength in order to get 
from it 400 pounds working strain. This means a factor of safety 
of over 14 in the body of the belt but of only 6} at the lacing, which 
shows the advantage of a cement splice. 

Fig. ro shows a method sometimes used to relieve the lace-holes 
of some of the strain. Double rows of holes are punched as at a b, 
and the lacing distributed among them. As far as helping the 
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strength of the belt is concerned, this does nothing, for all the stress 
put upon the belt by the lacing at c must be carried by the belt sec- 
tion at a; therefore this way of punching holes does not increase the 
section strength. Neither does staggering the holes as shown at d 
and e. The form of hole-punching shown at a b c is desirable for 
another reason. It distributes the lacing very nicely and does not 
make such a lump to thump when it passes over the pulleys. 


ALINING SHAFTING BY A STEEL WIRE 


A STEEL wire is often used for alining shafting by stretching it 
parallel with the direction of the shaft and measuring from the shaft 
to the wire in a horizontal direction. ‘his steel wire can also be 
used for leveling or alining in a direction at right angles to the other, 
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Distance in Feet, from Reel to Point of Measurement 
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by making vertical measurements, if it is stretched under established 
conditions and if the sags at the points of measurement are known. 
The accompanying table gives the sags in inches from a truly level 
line passing through the points of support of the wire, at successive 
points beginning ro feet from the reel and spaced to feet apart for 
a No. 17 Birmingham gage high grade piano wire, stretched with a 
weight of 60 pounds, wound on a reel of a minimum diameter of 
three and one-half inches and for total distances between the reel 
and point of support of the wire varying by increments of ro feet 
from 4o to 280 feet. Thus a wire of any convenient length, of the 
kind indicated, can be selected, so long as this length is a multiple 
of ro feet and between the limits specified, and the table gives the 
sags from a truly level line at points ro feet apart for its entire length 
when it is stretched under the conditions designated. These sags 


SAGs OF A STEEL ALINING WIRE FOR SHAFTING 


Distance in Feet, from Reel to Point of Measurement 
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being known, direct measurements can be made to level or aline 
a shaft by vertical measurements. 

The method was originally developed for alining the propeller 
shafts of vessels, but it is equally serviceable for semi-flexible shafting, 
as factory line shafts. 
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HORSE POWER OF STEEL SHAFTING 


For Live SHAFT SERVICE 


g Revolutions per Minute 3 , 
ay Age 
See HEE 
‘39 100 12 150 175 200 225 250 300 350 400 So 3 
aa =| et Ama 
Tye | 2-4) 3-2] 3.7 43 4-9 5.5 6.1 7-3 8.5 B:7 |) tes oe 

Tyo eal Sete Oat 7.4 8.5 9:5] 0.5 12.7 14.8] 16.9} 6.8” 
1th 6.7 8.4] 10.1 11.7 13-4 Te 5 16.7 20.1 23.4 26.8] 7.2” 
12§ | 10.0] 12.5] 15.0 17.5 20.0 22.5 25.0} 30.0] 35.0] 40.0] 8.2” 
2x6 | 14.3] 17.8] 21.4] 24.0] 28.5 32.1 35-6] 42.7] 49.8 57.0| 8.9” 
2y5 | 19-5} 24.4] 29.3] 34.1] 39.0] 44.1] 48.7) 58.5] 68.2] 78.0] 9.6” 
2th | 26.0] 32.5] 39.0 43.5 52.0 58.5 65.0 78.0| 87.0] 104.0] 10.2” 


2t§ | 33.8) 42.2] 50.6 59.1 67.5 75.9 84.4] 101.3} 118.2] 135.0] 10.8” 
35 | 43-0] 53.6] 64.4 75-1 85.8] 96.6] 107.3] 128.7] 150.3] 171.6) 11.4) 
3x8 | 53-6] 67.0] 79.4] 93-8] 107.2] 120.1] 134.0] 158.8] 187.6] 214.4] 12.0 
3th | 65.9] 82.4] 97.0] 115.4| 121.8] 148.3} 164.8} 195.7] 230.7] 243.6] 12.5” 
348 | 80.0] 100.0] 120.0} 140.0] 160.0} 180.0} 200.0] 240.0] 280.0} 320.0] .... 
41 |113.9| 142.4] 170.8) 1090.3] 227.8] 256.2} 284.7] 341.7) 308.6] 455.6 
41§ |150.3| 195-3] 234.4| 273-4] 312.5] 351-5] 300.6] 468.7] 546.8) 625.0 
54 |207.9| 260.0] 311.9] 363.9] 415-9] 459.0] 520.0] 623.0] 727.9] 830.0 
6 270.0] 337-5] 405.0] 472.5} 540.0] 607.5|' 675.0} 810.0] 945.0] 1080.0 
63 1343.3] 420-0] 514.9) 600.7] 686.5] 772.4] 858.0] 1029.0] 1201.0] 1372.0 
7 1428.8] 535.0) 643.1} 750.3} 847:5] 964.7] 1071.9] 1286.0) 1500.0] 1695.0 
8 640.0} 800.0} 960.0] 1126.0] 1280.0] 1440.0] 1600.9] 1920.0] 2240.0] 2560.0 


This table is based on the formula 
3 
rae DER 
80 
For head and jack shafts, supported by bearings close to main 


sheave or pulley so as to prevent transverse strain, the following 
formula may be used with safety: 


3 
maPxXk 


125 
D = Diameter of shaft in inches. 
R = Number of revolutions per minute. 
M = Horse-power. 


Deflection of shafting from weight of pulleys and draw of belting 
should not be allowed in excess of .oor per foot, as this action adds 
very rapidly to the power cost. If this deflection is at a clutch, 
sleeve or roller bearing, any of them may be ruined easily and quickly. 
Tt can be reduced by using more hangers. 


SPEEDS OF PULLEYS AND GEARS 


Tue fact that the circumference of a pulley or gear is always 
3.1416 or 3} times the diameter makes it easy to figure speeds by 
considering only the diameter of both driver and driven pulleys. 
Belting from one 6-inch pulley to another gives the same speed to 
both; but if the driving pulley is 16 inches and the driven pulley 
only four inches it is clear that the small pulley will turn 4 times for 


every turn of the large pulley. 
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If this is reversed and the small 


pulley is the driver, the large pulley will only make one turn for 
every four of the small pulley. The same rule applies to gears if 


the pitch diameter and not the outside diameter is taken. 


The fol- 


lowing rules have been arranged for convenience in finding any 
desired information about pulley or gear speeds. 


HAVING 


TO FIND 


RULE 


= 


Diameter of Driving Pulley 
Diameter of Driven Pulley 
Speed of Driving Pulley 


Diameter of Driving Pulley 
Speed of Driving Pulley 
Speed of Driven Pulley 


Diameter of Driving Pulley 
Diameter of Driven Pulley 
Speed of Driven Pulley 


Diameter of Driven Pulley 
Speed of Driven Pulley 
Speed of Driving Pulley 


‘ 


Speed of Driven Pulley 


Diameter of Driven Pulley 


Speed of Driving Pulley 


Diameter of Driving Pulley 


Multiply Diameter of 
Driving Pulley by its 
Speed and divide by 
Diameter of Driven 
Pulley. 

Multiply Diameter of 
Driving Pulley by its 


Speed and. Divide 
by Speed of Driven 
Pulley. 


Multiply Diameter of 
Driven Pulley by its 
Speed and Divide by 
Diameter of Driving 
Pulley. 

Multiply Diameter of 
Driven Pulley by its 
Speed and Divide 
by Speed of Driving 


Pulley. 


These rules apply equally well to a number of pulley belts to- 
gether or to a train of gears if all the driving and a// the driven pulley 
diameters and speeds are grouped together. 


TABLES OF CIRCUMFERENTIAL SPEEDS 


Tue tables on pages 432-435 which give circumferential speeds, 
can be used for obtaining gear and belt speeds and the speed of 
revolving parts of high-speed motors. 

For diameters greater than those given in the tables, the speeds 
can be obtained by adding together the speeds for two diameters 
whose sum equals that of the diameter for which we require the 
speed. For example, to find the speed at a 120-inch diameter and 
200 revolutions per minute, the following calculation is readily made: 

Speed for roo-inch diameter — 5236 feet. 
Speed for 20-inch diameter — 1047 feet. 
Speed for 120-inch diameter — 6283 feet. 


To interpolate, we can use thé values given for speed for 1- to 
10-inch diameters, dividing them by 10, 100, 1000, etc., to obtain 
speeds for tenths, hundredths, thousandths, etc. For instance, if 
the speed for 550 revolutions per minute and 46.186-inch diameter 
is required, we proceed as follows: 


For 46 Ms GIAO rn eee chen eee speed = 6623 ft. 
For ox in. diameter = yy .of r-in. diameter speed = 14.4 ft. 
For 0.08 in. diameter = yg of 8-in. diameter speed = 11.5 ft. 
For 0.006 in. diameter = y,'y5 of 6-in. diameter speed = 0.9 ft. 
For, 46:2860ine diameters, daceins acts. < stan cee speed = 6650 ft. 
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CIRCUMFERENTIAL SPEEDS IN FEET PER MINUTE 
(See page 431) 
Revolutions per Minute 
50 | 100] 150 | 200} 250 | 300 | 350 400 450 500 550 
I a 26 39 52 65 79 92 105 118 131 144 
2 26 52 79| 105} 131] 157] 183 209 236 262 285 
3 | 39] 79] 118) x57} 196} 236] 275 3t4 353 303 432 
4 52 | 105) 157| 200] 262| 314| 367 419 471 §23 576 
5 | 05 | 132] 196) 262) 328] 303] 458 524 | 589 | 654 720 
6 | 79 | 157| 236] 314] 303) 471| 550 |° 628 707 785 863, 
7 | 92 | 183) 275] 367) 458] 550) 64x 733 | 825 | 916 | 1,008 
8 | 105 | 209} 314] 4190} 524] 628) 733 838 042 | 1,047 | 1,152 
9 | 118 | 236] 353] 47x| 580| 707] 825 942 | 1,060 | 1,178 | 1,296 
IO | 13x | 262} 393] 524] 655| 785) 916 | 1,047 | 1,478 | 1,309 | 1,440 
It | 144 | 288) 432] 576) 720] 864] 1008 | 1,152 | 1,296 | 1,440 | 1,584 
I2 | 157 | 314) 471| 628) 785] 943] 1100 | 1,257 | 1,414 | 1,571 | 1,728 
13 | 170 | 340] 511; 681} 851] ro2r] rrox ; 1,361 | 1,532 | 1,701 | 1,872 
14 | 183 | 367] 550) 733| 916} 1100) 1283 | 1,466 | 1,649 | 1,832 | 2,016 
15 | 196 | 393] 580} 785) 982] 1178) 1375 | 1,571 | 1,767 | 1,963 | 2,160 
16 | 209 | 419} 628} 838] 1047| 1257| 1466 | 1,675 | 1,885 | 2,094 | 2,304 
17 | 223 | 445| 668) 800] 1113] 1335| 1558 | 1.780 | 2,003 | 2,225 | 2,442 
18 | 236 | 471| 707} 943| 1178] 1414] 1640 | 1,885 | 2,121 | 2,356 | 2,502 
19 | 249 | 497} 746) 995) 1244] 1492) 1741 | 1,990 | 2,238 | 2.487 | 2,736 
20 | 262 | 524) 785] 1047) 13009] 1571| 1833 | 2,094 | 2,356 | 2,618 | 2,880 
w | 2X | 275 | 550) 825) 1100] 1374| 1649) 1924 | 2,199 | 2,474 | 2,749 | 3,024 
& | 22 | 288 | 576) 864} 1152| 1440| 1728| 2016 2,304 | 2,592 | 2,880 | 3,168 
8 | 23 | 30x | 602] 903] 1204] 1505] 1806] 2107 | 2,409 | 2,710 | 3,011 | 3,312 
1 | 24 | 3t4 | 628) 043] 1257) 1571| 1885| 2199 | 2,513 | 2,827 | 3,142 | 3,456 
2) 25 | 327 | 655| 982] 1309] 1636] 1963) 2201 | 2,618 | 2,045 3,273 | 3,600 
% | 26 | 340 | 681) 1oz1| 1361] 1702] 2042| 2382 | 2,723 | 3,003 | 3,403 | 3,744 
% | 27 | 353 | 707] 1060] 1414] 1767] 2121] 2474 | 2,827 | 3,181 | 3,534 | 3,888 
8 | 28 | 367 | 733) 1100] 1466] 1837] 2199] 2566 | 2,932 | 3,209 | 3,065 | 4,032 
a 29 | 380 | 759] 1139] 1518} 1898] 2278] 2657 | 3,037 | 3.417 | 3.796 | 4,17 
3° | 393 | 785] 1178) 1571) 1964] 2356] 2740 | 3,142 | 3,534 | 3,027 | 4.320 
31 | 406 | 812} 1217] 1623) 2029] 2435| 2840 | 3,246 | 3,652 } 4,058 | 4,464 
32 | 419 | 838) 1257) 1676) 2094) 2513) 2032 | 3,351 | 3,770 | 4,180 | 4,6 
33 | 432 | 864| 1296) 1728} 2160) 2592| 3024 | 3,456 | 3,888 | 4,320 | 4,752 
34 | 445 | 800) 1335] 1780) 2225] 2670) 3115 | 3,560 | 4,006 | 4,451 | 4,806 
35 | 458 | 916) 1375] 1833] 2291] 2740] 3206 | 3,665 | 4,123 | 4,581 | 5,040 
30 | 471 | 943] 1414] 1885] 2356] 2827] 3209 | 3.770 | 4,241 | 4.712 | 5,184 
37 | 484 | 960] 1453] 1937] 2422| 2006] 3300 | 3,875 | 4.350 | 4.843 | 5,328 
38 | 497 | 995] 1492} 1990] 2487) 2085] 3482 | 3,070 | 4.477 | 4,974 | 5.472 
39 | SIX |1021] 1532] 2042} 2553} 3063| 3573 | 4,084 | 4,505 | 5,105 | 5,016 
4° | 524 |1047| 1571) 2094] 2618) 3142) 3665 | 4,180 | 4,712 | 5,236 | 5,760 
41 | 537 |1073| 1610] 2147] 2683) 3220] 3757 | 4,204 | 4,831 | 5.367 | 5.004 
42 | 550 |1100} 1649] 2199) 2740] 3290] 3848 | 4,308 | 4,048 | 5.498 | 6,048 
43 | 503 |1126] 1689] 2251] 2814] 3377| 3040 | 4,503 | 5,006 | 5,629 | 6,192 
44 | 576 |1152| 1728] 2304] 2880] 3956] 4032 | 4,608 | 5,184 | 5,760 | 6,336 
45 | 589 |1178| 1767| 2356] 2045] 3534] 4123 | 4,712 | 5,301 | 5,801 | 6,480 
46 | 602 |1204) 1806] 2408] 3011] 3613] 4215 | 4,817 | 5,410 | 6,021 6,623 
47 | 615 |1231| 1846] 2461] 3076] 3602] 4307 | 4,922 | 5,537 | 6,152 | 6,768 
48 | 628 1257 1885] 2513| 3142] 3770| 4308 | 5,027 | 5,655 | 6,283 | 6,912 
49 | 64x |1283] 1924) 2566) 3207] 3849] 44 5.13 | 5,773 | 6,414 | 7,056. 
5° | 655 |1309] 1963] 2618} 3273] 3927] 4581 | 5,236 | 5,801 | 6,545 | 7.200 
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CIRCUMFERENTIAL SPEEDS IN FEET PER MINUTE 
(See page 431) 
Revolutions per Minute 
50 | I00 | T50 | 200 | 250 | 300 | 350 400 450 500 550 
5I | 668) 1335] 2003] 2670) 3338] 4006] 4673] 5,341| 6,008) 6,676 | 7,343 
52 | 681] 1361] 2042] 2723] 3403] 4084] 4764] 5,445} 6,126] 6,807 7,487 
53 | 694] 1388} 2081} 2775] 3469) 4163] 4856] 5,550] 6,244] 6,038 | 7,63% 
54 | 707| 1414] 2121| 2827] 3534] 4241] 4048] 5,655] 6,362] 7,000 | 7,775 
55 | 720] 1440] 2160} 2880} 3600} 4320} 5040] 5,760) 6,480} 7,190 7,919 
56 | 733| 1466] 2199] 2032] 3665| 4308) 5131| 5,864] 6,507] 7,330 | 8,063 
57 | 746] 1492| 2238] 2085] 3731] 4477| 5223] 5,069] 6,715] 7,461 | 8,207 
58 | 750] 1518) 2278] 3037| 3706] 4555] 5314] 6,074] 6,833] 7,502 | 8,352 
59 | 772| 1545] 2317| 3080] 3862] 4634) 5406] 6,178) 6,951) 7,723 | 8,495 
60 | 785] 1571] 2356] 3142| 3027] 4712] 5498] 6,283) 7,069] 7,854 | 8,630 
6x | 790] 1597] 2395] 3104] 3002] 47901] 5589] 6,388) 7,186) 7,085 | 8,783 
62 | 812] 1623) 2435} 3246} 4058] 4870] 5681| 6,493] 7,304] 8,116 8,927 
63 | 825) 1649] 2474] 32991 4123| 4048] 5773] 6,507] 7,422] 8,247 | 9,071 
64 | 838) 1676) 2513] 3351| 4180] 5027| 5864) 6,702) 7,540) 8,378 | 9,215 
65 | 85x) 1702] 2552] 3403] 4254] 5105] 5056] 6,807! 7,658} 8,508 | 9,350 
66 | 864} 1728] 25092] 3456] 4320] 5184] 6048] 6,912] 7,775| 8,640 9,503 
67 | 877| 1754] 2631| 3508] 4385| 5262] 6130} 7,016, 7,803} 8,770 | 9,647 
68 | 890} 1780] 2670} 3560} 4451| 5341| 6231] 7,121; 8,011] 8,901 9,791 
69 | 903! 1806] 2710} 3613] 4516) 54190| 6322) 7,226) 8,120] 9,032 9,935 
79 | 916, 1833] 2749] 3665] 458z| 5408] 6414] 7,330]! 8,247] 9,163 | 10,070 
71 | 929] 1859] 2788] 3718] 4647| 5576) 6506) 7,435] 8,365] 9,204 | 10,223 
$| 72 | 943) 1885) 2827) 3770] 4712] 5655] 6507] 7,540] 8,482] 9,425 | 10,367 
S| 73 | 956} 1o11| 2867} 3822] 4778] 5733| 6680} 7,644) 8,600] 9,556 | 10,511 
2 | 74 | 960] 1037] 2006] 3875] 4843] 5812| 6781] 7,749) 8,718) 9,687 | 10,655 
| 75 | 982| 1064] 2045) 3927] 4909] 5890} 6872] 7,854) 8,836} 9,818 | 10,799 
“| 76 | 905} 1990] 2085] 3070] 4974} 5060| 6064] 7,059! 8,054] 9,948 | 10,043 
| 77 |1008| 2016] 3024] 4032] 5040} 6048] 7056] 8,063} 9,072] 10,079 | 11,087 
g 78 |1021| 2042] 3063| 4084] 5105} 6126] 7147} 8,168] 06,189] 10,210 | 11,231 
| 79 |1034| 2068] 3102) 4136] 5171} 6205] 7230] 8,273] 9,307| 10,341 | 11,375 
Q| 80 }1047} 2004) 3142] 4180) 5236] 6283] 7330] 8,378] 0,425] 10,472 | 11,519 
8x |x060] 2121] 3181} 4241] 5301] 6362] 7422| 8,482] 9,543| 10,603 | 11,663 
82 |1073| 2147| 3220] 4204] 5367] 6440] 7514] 8,587| 9,660] 10,734 | 11,807 
83 |1087| 2173] 3259] 4346] 5432] 6519] 7605| 8,692) 9,778] 10,865 | 11,051 
84 |rx00] 2199} 3209} 4398] 5498! 6597| 7607! 8,707) 9,896) 10,906 | 12,009 
85 |1113| 2225| 3338] 4451| 5563] 6676] 7780| 8,o01| 10,014] 11,127 | 12,235 
86 |1126| 2251| 3377] 4503} 5620] 6754] 7880] 9,006] 10,132] 11,257 | 12,383 
87 |1130| 2278] 3417| 4555] 5604] 6833| 7072| 9,111) 10,249] 11,388 | 12,527 
88 |1152] 2304] 3456] 4607] 5760] 6912| 8063! 9,215] 10,367] I1,510 
89 |r161| 2330} 3495] 4660] 5825] 6990] 8155| 9,320) 10,485] 11,650 
90 |1178| 2356] 3534| 4712] 5801| 7060) 8247] 9,425] 10,603) 11,780 
QI |r191| 2382] 3574| 4765| 5956) 7147) 8338) 9,530] 10,721] 11,912 
Q2 |1204] 2408] 3613] 4817] 6021] 7226] 8430| 9,634! 10,839] 12,043 
93 |12x7] 2435] 3652| 4870] 6087| 7304) 8522] 9,730} 10,956) 12,174 
94 |1231| 2461| 3692] 4922] 6152) 7383) 8613| 9,844] 11,074] 12,305 
95 |1244| 2487| 3731| 4074| 6217] 7461) 8704] 9,048) 11,192| 12,436 
96 |1257| 2513| 3770| 5027| 6283] 7540| 8706] 10,053] 11,310} 12,566 
97 |1270] 2539] 3809] 5070] 6349] 7618] 8888] 10,158) 11,428 
98 |1283} 2566) 3840) 5131| 6414| 7697| 8980) 10,263} 11,545 
99 |1296| 2592] 3888] 5183] 6480] 7775] 9071] 10,367] 11,663 
I0o |1309] 2618] 3927] 5236] 6545| 7854) 9163] 10,472) 11,781 


BELTS AND SHAFTING 


HORSE-POWER, 
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TABLES OF CIRCUMFERENTIAL SPEEDS 
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HORSE-POWER, BELTS AND SHAFTING 


POWER REQUIRED BY MACHINE TOOLS 
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ENGINE LATHES 
Horse-power 
Swing Average Heavy 
Inches work work 
12 3 2 
14 2-0 aa 8 
10 ce 2-3 
18 2353 aa '5 
20-22 3 74-10 
24-27 5 73-10 
3° Se 14 74-10 
32-36 74-10 Io -15 
38-42 IO -I5 Ly (20 
48-54 £5) 20 20 —25 
60-84 20 —25 25 —30 
Axte LATHES 
IEP: 
pode bal (see. Biche CRS Ia 5- 74-10 
Hodblet i. =. os ee 10-15 —20 
Locomotive axle .... 25 
WHEEL LATHES 
Tailstock 
Motor 
i isl ig HP. 
48-in. car wheel... 15-20 5 
51-60 driv. wheel. . 15~—20 5 
YO—BAM ats Soy tose 25-30 5 
OOle, atone 30-40 5-73 
TOC. y teat ties 40-50 5-73 
Quartering attach- 
Ment. ro<.5, Ge oeee So tb 
CYLINDER LATHES 
H.P. 
AG. IIS Bence co alr oe 15 
4o-in. heavy ...... 20 
ASN Aas. Setteed 15 
VERTICAL Bortnc MILLS 
Size Average Heavy 
IEE: H.P. 
36-42 in. 5 — 74 734-10 
50 in. 74 73-10 
60-84 in. 73-10 Io -I5 
7-12 ft. Io —15 30 —40 
14-25 ft. tS) 76 30 —40 


Horizonrat Borinc, DriLirmc 
AND MILLING MACHINE 


Dia. Horse-power 
Spindle for Single Spindle 
33-43 ee vi 
42-53 72-10 
52-03 10 ~I5 


For double spindle, use double 
the horse-power. 


CYLINDER Bortnc Macau. 


Dia. Max. Boring Horse- 
Spindle Diameter power 
4 20 72 
6 30 10 
8 4o 15 


MISCELLANEOUS 
1 


Loco. rod boring mach. 73-10 
Car-box boring mach. 
6x12and 5}x10” boxes 5 — 7} 
Car-wheel borer. ...... To's, 


PLANERS 


Size Horse-power 

24X 24 in. 3-5 
30x 30 in. 5-7 
36x 36 in. IO-15 
48x 48 in. 15-20 
60x 60 in. 20-25 
72X 72 in. 20-30 
84x 84 in. 30 
100 X 100 in. 40 


Nore. — Normal length of bed 
in feet is about + the width in 
inches. 


FROG AND SwiTtcH PLANERS 


36 x 12 in. 30 
48 x 30 in. 30 
PLATE PLANERS 
Niles Nos. 2 and 3...... 10 
Miles ING Sei oso et 15 
Niles Nos. 6 and 7...... 20 
Wiles NOu8i vas aneceaees 20-25 


POWER REQUIRED BY MACHINE TOOLS 


ROTARY PLANERS 


Dia. Cutter Horse-power 
24- 30 in. 5- 73 
36- 42 in. 10 
48— 54 in. I5 
60-*72 in. 20-25 
84-100 in. 30-40 
SHAPERS 
HP. 
12-16-in. stroke ..... 2 
TS-in.- Stroke)... sh 2-3 
20-24-in. stroke ..... Ba 
ROAM: SEEOKE., ener uc 5.— 4s 
20-in. Traverse-head. . 7h 
24-in. Traverse-head. . Sie) 


CRANK SLOTTERS 


Stroke Horse-power 
6 8 ae 45 
TOmi2 5 
14 a aie 
16-18 73-10 
20-30 ILO. =15 


PLAIN MILLERS 


Table Feed Cross Feed HP. 
34 10 72 
42 12 ro 
50 12 15 
UNIVERSAL MILLERS 
Nos. T=1%.. 0+. I-2 
OM 2 wert ae 
EN Och 3 enti exerts 5 Ta 
SOS ican steps 73-10 
NOM. 2eeeneaes IO —I5 
VERTICAL MILLERS 
Height Under Work 
Bee rAaIn. 5= 73 
18 in. Io 
20 in. 15 
24 in. 20 


VERTICAL SLAB MILLERS 


24-in. width of work ...... "4 
32-36-in. width of work ... 10 
42-in. width of work ...... 15 
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Horizonrtar SLAB MILLERS 


Width Between Horse-power 


Housings Average Heavy 
24-30 in. 73-10 10-15 

36 in. IO —I5 20-25 
60-72 in. 25 75 


CYLINDRICAL GRINDERS 


Horse-power 


Dia. Wheel Average Heavy 
to in. 5 Vie 
14 in. Io 15 
18 in. ite) 15 

EMERY GRINDERS 
No. Wheels Dia. ise 
2 6 in. 3-1 
To in. 2 
2 12 in. 3 
2 18 in. St Fa 
2 24-26 in. 72-10 
Misc. GRINDERS 
Type Horse-power 

‘Wet tool paxenaaeeece 2-3 

Flexible swing....... 3 

TELE COCKS Ot ent ner 3 

Pistonjrodien sae a 3 

ai wistidrill ae ae 2 

Automatic tool ...... 3-5 

Cariwiheclviaeysck eras 30 

Burrinc Heaps 
No. Wheels Dia. Veltes 
2 6 rae 
2 Io I -2 
2 14 Sy) 
VERTICAL DRILLS 
Size EEPS 

TIO yee acewe. tence I 

24-28 IN WAM. eee 2 

BORG ONIN ok Ate Seis 3 

BO—A0-1n? sos bookies 5 

FO-GOUN.. 4 Seine iainaereiee a 


nt 
2 
Sensitive drills up to 3-in. } 2 
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RapiAL Dritis 
Horse-power 


Size Average Heavy 
3-ft. arm 1-2 3 
4-ft. arm 2-3 5 - 74 
5-6-7ft. arm ec e— ie8 
8-9-10 ft.arm 5-73 73-10 


MUuttTI.-SPINDLE DRILLS 


Size of Drills Up to HP. 
sx- 1 6-10 spindle 3 
rs # 6-10 spindle 5 
Ps—- 4 6-10 spindle at 
i- 2 6-10 spindle 10 
iT 6-10 spindle 10-15 
2 4 spindle a4 


GraAR CUTTERS 


Size Horse-power 
36x gin. 2-3 
48 x To in. Bis 
30-60 x 12 in. 5 — 7 
92X14 in. 74-10 
64 x 20 in. 10-15 
Cotp Saws 
Dia. Saw Horse-power 
20 in. 3 
26 in. 5 
32 in. a 
36 in. 10-15 
42 in. 20 
48 in. 25 
Hacksaws 4 
Bott CuTTERS 
Single Horse-power 
Ty Day Lavithadn. Saeed <e t2 
1S ype Teg ee re ae Be 2-3 
ES et Saree rricioo 3-5 
SETAE 1s taget We ec RCS 5-73 
1, r¥ in; double... ......5 2-3 
2, 2 in. double....... 3-5 
Pere ein, triple 5... 3-7} 
BoLt POINTERS 
Das oy Mies Geared vena: I-2 
Nout TAarrers 
1 2.10. 4-spindle s... .o0.% 3 
2)in .6-spindle 4. 65.244 3-5 
2 in. ro-spindle......... 5 
AIT OE LACE Lhe ers 3 


HORSE-POWER, BELTS AND SHAFTING 


| Pree THREADING AND CUTTING 


OFF MACHINES 
Size of Pipe Horse-power 


4— 2 in. 2 
9- 3 in. 3 
1}- 6 in. 3-5 
ai— 8 in. 3-5 
#10 In. 5 
4 —12 in. 5 
8 —18 in. 7k 
24 in. Be} 
HAMMERS 
Size Horse-power 
The 75s 2-5 
100-200 lb. 5 74 


Drop hammers require approx- 
imately 1 horse-power for every 
roo-pound weight of hammer 


head. 

1co lb. Bradley hammer ..... 3 
200 lb. Bradley hammer ..... 5 
350 lb. Beaudry hammer..... 5 


BULLDOZERS, FORMING OR 
BENDING MACHINES 


Width Head Movement Horse-power 
29 in. 14 in. 5 
34 in. 16 in, ak 
39 in. 16 in. 10 
45 in. r8 in. 15 
63 in. 20 in. 20 
BULLDOZERS (AJAX) 
No. 3 5 
No. 4 72 
No. 5 10 
No. 6 15 
No. 7 30 
No. 9 40 
No. 12 50 
Bortr HEADERS (HOT) 
Size Horse-power 
ritin, 5 74 
14-2 ih. 10-15 
UpsETTING MACHINES 
2 in. 73-10 
3 in. 10 —15 
5 in. 15 —20 
6 in. 20 ~30 


POWER REQUIRED BY MACHINE TOOLS 


Hot Nut MaAcarines 


Size Horse-power 
staal a 
b sin. 5, 
ak Le 7g-10 
Ts—2) 1D: Tol = 55 


Hyp. WHEEL Press 


Size Horse-power 
Ioo tons 5 
200-300 tons a 
4oo tons bie) 

600 tons 15 
BENDING AND STRAIGHTENING 
ROLLS 
Width Thickness .P; 
4~ 6 in. 18-3 5 

Gin. ed 5-15 
8 in. t 25 
to in. I$-I$ 35-50 
24 in. I 50 
Frue MAcuInes 
No. of Flues Horse- 
Capacity power 
Flue Rattler 250-300 20-30 
Flue Cutter 2-3 
Flue Welder 2-3 


“NotcHING PRESS (SHEET-IRON) 


Dia. Punch Thickness Horse-power 
2 in t I 
ee hs 
apes oe 78 2- 3 
Sms mb 
s-1 in. em 5 
rin. I ki 
17 in, I 74-10 
ry in. I Io —I5 
2 in. I Io —15 
23 in 13 15 —25 
Muttrere Puncu 
4holes dia. plate 73-10 
SHEARS 
Horse-power 
Gap Width Cut }Iron Cut } Iron 
30-42 in. 3 5 
56-60 in. 4 7 
72-96 in. 5 ro 
Boltshears.-33..o eee "5 
Double angle shears ....... ste) 
Rotary bevel shears....... 74 
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PLATE SHEARS 
Metal Cut per Min. Stroke H.P. 
3x 24 in. 3h Bein.) tO 
ny be OPV Sevier iar) wale tds 
QexaeT Aline 1S) 45 1a, 130) 
Tx 242 in: 20) + Abu an2O 
1px 42 In. 15 43in. 60 
IzX 54 in. TS) (6 Minos 
I%xX 72 in. 20° 55.) ato 
ipgpe oro mlals, Bmw ye ahal Up) 
LEVER SHEARS 
Metal Cut Horse-power 
TeSys 5 
14x 1} in. ay 
2 kio wim Io 
(Sh beng aye Bie) 
24x 2h in. 10 
Dak 7 Uae 15 
23 x 22 in. 15 
w4x8 in. 20 
34 X 33 in. 20 
44 round 30 
Motors Usuatty EMpLoyvep 
FOR CRANES AND Hoists 
Hoist 
Capacity Speed H.P. 
tons ft. per min, 
5 25 15 
5° 25 
10 30 25 
40 40 
15 20 25 
20 15 25 
25 10 25 
15 33 
30 14 33 
5 aux. 50 25 
TO aux. 25 25 
50 site) 4o 
5 aux. 50 25 
10 aux. 25 25 
Bridge Trolley 
Capacity Spa ERP. - UEP 
tons {t. 
5 60 20 


3 
10 80 25 3 
15 80 25 5 
20 80 25 5 
25 80 25 5 
30 80 Sanh Gar 
35 80 40° 7 


HORSE-POWER, BELTS AND SHAFTING 


POWER REQUIRED FOR PLANING-MILL EQUIPMENT 
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Banp Saws 
Max. width 
Dia. Wheel of Saw Here 
30 in. 4 2 
34 in. 2 3 
36-38 in. 2-14 3-5 
40-42 in. 2-13 3-73 
40-42 in. 2h 10 
40-42 in. 33 15 
Cur Orr Saws 
Dia. Saw No. of Saws US Ug 
12-14 I 3 
16 I 5 
16 2 73-10 
30 I 72 
CrrcuLaR Rip Saws 
14 I iS 
16 I a4 
24 I 10 
36 I 15 
TIMBER SIZERS 
Capacity No. Heads BP. 
30 x 20 in. 4 50 
20 X 20 in. 4 50 
30 X Io in. 4 40 
20x 16 in. 4 40 
SURFACERS 
Size No. Heads H.P. 
30x 6 in. 1-2 15-20 ¥ 
24x 6 in. I-2 15-20 | = 
30x 8 in. 2 30 fF 
26x 8 in. 2 30 Jz 
24x 6 in. I 5- 74) 4 
16 x 6 in. I 5- 742 
24 x 8 in. I 10 a 
30 x 8 in. I 10 J 
Horse-power 
Shapers, 1-2 spin.... 3-5 
BOLers eee sees 5-73 
PLANERS, MATCHERS AND 
FLoorInGc MACHINES 
Size Heads Horse-power 
ox 8in. 4-5 30 
19x 8 in. 455 30 
24x 8in. 4-5 40 


Size Heads Horse-power 
30x 8in. 4-5 40 
24X12 in. 4-5 40 
30x12 in. 4-5 40 

OutTsIDE MOoOULDERS 
Capacity No. Heads Horse-power 
4X4 in. I-2 5 
4x4in. 3-4 72 
6 x 4 1n. 2 5 
6 x 4 in. 3-4 7t 
8 x 4 in. 4 Io 
tox 4 in. 4 15 
12x § in. 4 20 
14x 6 in. 4 20 
InsipE MouLpers 
8x 4 in. 4 15 
10x 4 in. 4 15 
tox 6in 4-5 20-30 
isxq4ip. 4-5 20-30 
JOINTERS 
8-12 in. 2 
16-24 in. 3 
30-36 in. 5 
TENONING MACHINES 
No. Heads 
54X14 in. iL. 3-5 
54 £15 in. 2 5 
230% 9.1n. 2 7 
54 X 44in. 4-8 10-15 
78 x 4¢in. 4-8 10-15 
Gainers 74-10 -15 


BELT SANDERS 
Width of Belt Horse-power 


6-14 in. 2-3 
18 in. 5 
CoLuMN ARM 
Length of Dia. of 
Arm Disks Horse-power 
4-to ft. 8 in. 3 


Drum SANDERS 


Length of Drum Horse-power 
30 in. 74 
36 in. 10 
42-48 in. 15 
54-60 in. 20 
72-84 in. 30 


POWER REQUIRED FOR MACHINE TOOLS = 441 


Group Drivinc or MAcHINES 


There are many shops where group driving will be found more 
desirable than the use of individual motors, both as to first cost 
and maintenance. This is particularly true where the machines 
are comparatively small and run intermittently, as the cost of 
motors, will be mucli less. 

Friction load of 2} to 3-inch shafting, with bearings 8 to ro feet 
and running at 150 to 200 revolutions per minute, is about 1 horse- 
power for every 30 feet of shafting. This includes the friction of 
countershafts of the machines driven by it. 

In group driving it is usually perfectly safe to select a motor 
having a rated capacity of from 25 to 30 per cent. of the total power 
required for the machines in the group. 

° 


POWER REQUIRED FOR PUNCHING 


Experiments tend to show that with steel plates of 60,000 pounds 
tensile strength, the metal is all sheared when the punch has passed 
3 through the plate. The following formula by L. R. Pomeroy 
takes this into account and also allows the motor an efficiency of 
8o per cent. and the punching machine 75 per cent. 


When T = Full thickness of plate. 

= Diameter of hole punched. 
N = Number of holes punched per minute. 
P = Horse-power required to drive machine. 


at XD XNs 
3-7 


Taking a 3-inch hole in a 3-inch plate, the power required to punch 
30 per minute would be 


iyi 
SONS IO TS AE horse-power. 
3.78 3.78 


PowWER REQUIRED TO REMOVE METAL 


The power required to remove metal depends on the amount of 
metal removed per minute and the nature of the cutting tool. With 
a cutting angle of 75 to 80 degrees, tests show that for mild steel 
of 40-point carbon one horse-power will remove 1.5 cubic inches of 
metal per minute. 

For average conditions and with tools as ordinarily used, tests 
show that to remove one cubic inch of metal per min. requires the 
amount of power shown in the table. 
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Brass and similar/alloys. .... «.,.---2904+<. on: to'0.3) EP. 
Gasbironl ote Somat res 6.40 tO OR eas 
Wrougatinonre, = avtascr, sence atese ane l se a 
Mild steel (0.30% to 0.40% carbon) ...... § : 

Hard steel (0.50% Bia yh POR eel ea Hee T.cotor.25 “ 
Very hard tire steels meow aan ee wean aera ae 


Two important factors enter into the problem of power for driving 
machines. These are the Time Factor and the Load Factor. 


Actual Cutting Time 
Total Time to Complete Operation — 


Time Factor = 


Average Daily Load a 


eee Full Load Rating of Motor 


Many tests give the following load factors: 

The average load factor for motors driving lathes is from 10 
to 25 per cent. On some special machines, as driving wheel and 
car wheel lathes, the cuts are all heavy, which increases the average 
load factor to from 30 to 4o per cent. 

For extension boring mills, 5 horse-power motors are used to move 
the housings on from ro feet to 16 feet mills, 7} horse-power for 
from 14 feet to 20 feet mills and 10 horse-power for from 16 feet to 
24 feet mills. The load factor of the driving motor on boring mills 
averages from 10 to 25 per cent. 

The load factor of motor-driven drills is about 40 per cent. when 
the larger drills applicable thereto are used. If the smaller drills 
are used the load factor averages 25 per cent. and lower. 

For the average milling operations the load factor averages from 
10 to 25 per cent. On slab milling machines where large quantities 
of metal are removed it will average from 30 to 4o per cent. 

The work on this class of machinery is usually light and much 
time is required in making adjustments. Hence the load factor is 
rarely higher than 20 per cent. 

On planers the load factor averages between 15 and 20 per cent. 
The motor must be large enough to reverse the table quickly, yet 
this peak load occurs for such short intervals that it does not in- 
crease the average load per cycle very much. 

The work done on shapers is of a varying character. With light 
work the load factor will not exceed from 15 to 20 per cent.; with 
heavy work, the load factor will be as high as 4o per cent. 

The conditions with slotters are similar to those on shapers, 


Horse-Power To Drive MaAcuInes 


Extensive experiments by L. R. Pomeroy show that the horse- 
power required equals the Feed per rev. or stroke X Depth of 


. 


POWER REQUIRED TO REMOVE METAL 443 


cut in inches X Cutting speed in feet per minute X 12 X Number 
of tools cutting a Constant which depends on the material. This 
checks up fairly well with actual motor tests. The constants given 
are: 


Gast irom see Se ree eae 0.35 t0 0.5 
Wrought iron om soft steely ay. eee eo 0.45 to 0.7 
Locomotive driving wheel tires............. 0.70 to 1.00 
Wiety DALGIGLOC Meeten Mt eat de teers sion 1.00 to 1.10 


Handling this in another way, Charles Robbins of the Westing- 
house Electric & Manufacturing Co. gives: The horse-power = 
Cubic inches removed per minute X a Constant. These constants 
are: 


Brass and similar alloys ................... 0.2 to 0.3 
GOSthirony Meck eomiacts he te sera ewer ors teers 0.3 to 0.5 
WVTOUgnCUCOUM Mc rninete st Mtn che cect eee 0.6 
Mild steel (0.30 to 0.40 carbon) ............ 0.6 
Hard steel \(o;so; carbon) nc) noe ae et ons T.00 to 1.25 
Weryalard tirevsteel tor. ts oct ee ae nee 1.50 


These represent average conditions with the cutting tools ordinarily 
used. 

A brief summary of the studies by Mr. Robbins gives interesting 
data on various machines. ‘These give factors as follows: 


Time Load 

Factor Factor 
Merircal borings ma Chine. i. aois abet ake cate 44% 27% 
Radial drilling’ machine, . « . sgcrce a+ mes me eee 41 10 
Portable milling: machine =: .5..4. 55:40 --- eu: 54 55 
Portable ‘slotting machine resis. a0 a eae eds 50 12 
LEAKE Ca Se SRO GOR RTC IE iy ee Ie HP RE 55 


L. R. Pomeroy also gives a method of determining the horse-power 
required by the belt used to drive the machine. The formula is: 


Hp. = Thickness of belt in inches X Width of belt in inches X 
Diameter of pulley in inches X Revolutions per minute X 
Constant for kind of belt. 


These constants are: 


Ledthen (belt sais tated dite 4G, oputek 4 0.0062 to 0.0098 
Cottomibeltect oc. Sitges ears eee d= : ae 0.0036 to 0.0068 
Rubberibeltiw. ssa. ors Rap). diet. farckes, + 0.0050 to 0.0082 
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HEAT TREATMENT OF STEEL 


Tue theory of the heat treatment of steel rests upon the influence 
of the rate of cooling on certain molecular changes in structure occur- 
ring at different temperatures in the solid state. These changes are 
of two classes, critical and progressive; the former occur periodically 
between certain narrow temperature limits, while the latter proceed 
gradually with the rise in temperature, each change producing alter- 
ations in the physical characteristics. By controlling the rate of 
cooling, these changes can be given a permanent set, and the physical 
characteristics can thus be made different from those in the metal 
in its normal state. 

The highest temperature that it is safe to submit a steel to for 
heat-treating is governed by the chemical composition of the steel. 
Pure carbon steel should be raised to about 1650 degrees Fahr., 
while some of the high-grade alloy steels may safely be raised to 1750 
degrees Fahr., and the high-speed steels may be raised to just below 
the melting point, usually from 2000 to 2150 degrees Fahr. It is 
necessary to raise the metal to these points so that the active cooling 
process will have the desired effect of checking the crystallization of 
the structure. 


Methods of Heating 


Furnaces using solid fuel such as coal, coke, charcoal, etc., are the 
most numerous and have been used the longest. These furnaces 
consist of a grate to place the fuel on, an arch to reflect the heat and 
a plate to put the pieces on. The plate should be so arranged that 
the flames will not strike the pieces to be heated, and for that reason 
some use cast-iron or clay retorts which are open on the side toward 
the doors of the furnace. 

Liquid fuel furnaces, which have open fires and which use liquid 
fuels, are not very numerous at present, but their use is increasing, 
owing to the ease with which the fire is handled and the cleanliness 
as compared with a coal, coke or charcoal fire. 

Crude oil and kerosene are the fuels generally used in these fur- 
naces, owing to their cheapness and the fact that they can be easily 
obtained. These fuels are usually stored in a tank near the furnaces 
and are pumped to them or flow by force of gravity. 


Heating in Liquids 


Furnaces using liquid for heating have a receptacle to hold the 
liquid, which is heated by coal, oil, gas or any other economical 
means; the liquid is kept at the highest temperature to which the 
piece should be heated. The piece should be heated slowly in an 
ordinary furnace to about 80o degrees, after which it should be 
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immersed in the liquid bath and kept there long enough to attain the 
temperature of the bath and then removed to be annealed or hardened. 

The bath usually consists of lead, although antimony, cyanate of 
potassium, chloride of barium, a mixture of chloride of barium and 
chloride of potassium in the proportion of 3 to 2, mercury, common 
salt and metallic salts have been successfully used. 

This method gives good results, as no portion of the piece to be 
treated can reach a temperature above that of the liquid bath; a 
pyrometer attachment will indicate exactly when the piece has 
arrived at that temperature, and its surface cannot be acted upon 
chemically. The bath can be maintained easily at the proper tem- 
perature and the entire process is under perfect control. 

When lead is used it is liable to stick to the steel unless it is pure 
and retard the cooling of the spots where it adheres. Impurities, 
such as sulphur, are liable to be absorbed by the steel and thus affect 
its chemical composition. With high temperatures lead and cyanate 
of potassium throw off poisonous vapors which make them prohibitive, 
and even at comparatively low temperatures these vapors are detri- 
mental to the health of the workmen in the hardening room, The 
metallic salts, however, do not give off these poisonous vapors, and 
are much better to use for this purpose, but many times the fumes 
are unbearable. 


Gas as Fuel 


Furnaces using gaseous fuel are very numerous and are so con- 
structed that they can use either natural gas, artificial gas, or pro- 
ducer gas. They are very easy to regulate and if well built are 
capable of maintaining a constant temperature’ within a wide range. 
+ In first cost this stvle of furnace is greater than that of the solid 
fuel furnaces, but where natural or producer gas is used the cost of 
operating is so much less that the saving soon pays for the cost of 
installation. Illuminating gas, however, is more expensive than the 
solid fuels and is only used where high-grade work demands the best 
results from heat treatment. 


COOLING THE STEEL 


CooLinG apparatus is divided into two classes — baths for hard- 
ening and the different appliances for annealing. 

The baths for quenching are composed of a large variety of ma- 
terials. Some of the more commonly used are as follows, being 
arranged according to their intensity on 0.85 per cent. carbon steel: 
Mercury; water with sulphuric acid added; nitrate of potassium; sal 
ammoniac; common salt; carbonate of lime; carbonate of magnesia; 
pure water; water containing soap, sugar, dextrine or alcohol; sweet 
milk; various oils; beef suet; tallow; wax. These baths, however, 
do not act under all conditions with the same relative intensity, as 
their conductivity and viscosity vary greatly with the temperature. 

With the exception of the oils and some of the greases, the quench- 
ing effect increases as the temperature of the bath lowers. Sperm 
and linseed oils, however, at all temperatures between 32 and 250 
degrees Fahr., act about the same as distilled water at 160 degrees. 
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The baths for hardening which give the best results are those in 
which’some means are provided for keeping the liquid at an even 
temperature. Where but few pieces are to be quenched, or a con- 
siderable time elapses between the quenching of pieces, the bath will 
retain an atmospheric temperature from its own natural radiation. 
Where a bath is in continuous use, for quenching a large number of 
pieces throughout the day, some means must be provided to keep the 
temperature of the bath at a low even temperature. The hot pieces 
from the heating furnace will raise the temperature of the hath many 
degrees, and the last piece quenched will not be nearly as hard as the 
first. 

Annealing 


The appliances for annealing are as numerous as the baths for 
quenching, and where a few years ago the ashes from the forge were 
all that were considered necessary for properly annealing a piece of 
steel, to-day many special preparations are being manufactured and 
sold for this purpose. 

The more common materials used for annealing are powdered 
charcoal, charred bone, charred leather, slacked lime, sawdust, 
sand, fire clay, magnesia or refractory earth. The piece to be 
annealed is usually packed in a cast-iron box, using some of these 
materials or combinations of them for the packing, the whole is then 
heated in a furnace to the proper temperature and set aside, with 
the coyer left on, to cool gradually to the atmospheric temperature. 

For certain grades of steel these materials give good results; but 
for all kinds of steels and for all grades of annealing the slow-cooling 
furnace no doubt gives the best satisfaction, as the temperature can 
be easily raised to the right point, kept there as long as necessary, 
and then regulated to cool down as slowly as is desired. The gas, 
oil or electric furnaces are the easiest to handle and regulate. 


The Hardening Bath 


In hardening steels the influence of the bath depends upon its 
temperature, its mass and its nature; or to express this in another 
way, upon its specific heat, its conductivity, its volatility and its 
viscosity. With other things equal, the lower the temperature of 
the bath, the quicker will the metal cool and the more pronounced 
will be the hardening effect. Thus water at 60 degrees will make 
steel harder than water at 150 degrees, and when the bath is in con- 
stant use the first piece quenched will be harder than the tenth or 
twentieth, owing to the rise in temperature of the bath. Therefore if 
uniform results are to be obtained in using a water bath, it must 
either be of a very large volume or kept cool by some mechanical 
means. In other words, the bath must be maintained at a constant 
temperature. 

The mass of the bath can be made large so no great rise in tem- 
perature is made by the continuous cooling of pieces, or it can be made 
small and its rise in temperature used for hardening tools that are to 
remain fairly soft, as, if this temperature is properly regulated, the 
tool will not have to be re-heated and tempered later, and cracks and 
fissures are not as liable to occur. 
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Another way of arriving at the same results would be to use the 
double bath for quenching, that is, to have one-bath of some product 
similar to salt which fuses at 575 degrees Fahr. Quench the piece 
in that until it has reached its temperature, after which it can be 
quenched in a cold bath or cooled in the air. 


BATH FOR DRAWING TEMPER 


A very good table from which to make up baths for drawing the 
temper is as follows: 


“Composition of Bath Melting Point in Color of Steel at 
Lead and Tin degree F Temperature Given 
GALE atee tae St et ee Azone tte) oe very faint yellow 
Op Mey yee Bie et AGOue dh ies faint yellow 
Sara a a yee Sur eee 7.0 ORR Ae ieee light straw 
UTP Las ptt Rect mens 2 ASCE ecke : straw 
Oe S Leet: Bee RG AGO fae. cee full straw 
POnP eee OL es ATONE aoe dark straw 
TAM oes hea Sa ee ae haley tte fe, old gold 
DSU ee. eh Ser. Gs BQO Sse cy. brown 
Somme ici Chee tac entra hoe Mattern brown with purple spots 
Gown nian nr Beets toe Bsr Meas purple 
OUtes neck OP ORE, SROF!. ae at deep purple 
BOOM Meee ths Sr ontene SOOM. oee a blue 
Boiling linseed oil...... OOO. ehaiee dark blue 
Melted lead) isis. 080. OIC 4", Se gray blue 


These are used in a similar manner to the hardening baths, select- 
ing the bath which gives the proper drawing temperature. 


HIGH-SPEED STEELS 


THESE steels are made by alloying tungsten and chromium or 
molybdenum and chromium with steel. These compositions com- 
pletely revolutionize the points of transformation. Chromium, which 
has a tendency to raise the critical temperature, when added to a 
tungsten steel, in the proportions of 1 or 2 per cent., reduces the 
critical temperature to below that-of the atmosphere. Tungsten 
and molybdenum prolong the critical range of temperatures of the 
steel on slow cooling so that it begins at about 1300 degrees Fahr. 
and spreads out all the way down to 600 degrees. 

These steels are heated to 1850 degrees for the molybdenum and 
2200 degrees for the tungsten, and cooled moderately fast, usually in 
and air blast, to give them the property known as ‘“‘red-hardness.” 
This treatment prevents the critical changes altogether and pre- 
serves the steel in what is known as the austenitic condition. The 
austenitic condition is one of hardness and toughness. 

One rule which has given good results in heat-treating these high- 
speed steels is to heat slowly to 1500 degrees Fahr., then heat fast 
to 2200 degrees; after which cool rapidly in an air blast to 1550 
degrees; then cool either rapidly or slowly to the temperature of the 
air. Others advocate cooling in crude oil. 


ball 
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CASE-HARDENING 


CASE-HARDENING, ¢carbonizing, or, as it is called in Europe, ‘‘ cemen- 
tation,” is largely used so that the outer shell can be made hard enough 
to resist wear and the core of the piece can be left soft enough to with- 
stand the shock strains to which it is subjected. 

Several methods different from the old established one of packing 
the metal in a box filled with some carbonizing material, and then 
subjecting it to heat, have been devised in the last few years. Among 
them might be mentioned the Harveyizing process which is especially 
applicable to armor plate. The Harveyizing process uses a bed of 
charcoal over the work, the plates being pressed up against it in a pit 
or furnace and gas turned on so that the steel will be heated through 
the charcoal, thus allowing the carbon to soak in from the top. 

The result of the carbonizing operation is determined by five 
factors, which are as follows: First, the nature of the steel; second, 
the nature of the carbonizing material; third, the temperature of the 
carbonizing furnace; fourth, the time the piece is submitted to the car- 
bonizing process; fifth, the heat treatment which follows carbonizing. 

The nature of the steel has no influence on the speed of penetra- 
tion of the carbon, but has an influence on the final result of the 
operation. 

If steel is used that has a carbon content up to 0.56 per cent., the 
rate of penetration in carbonizing is constant; but the higher the 
carbon content is, in the core, the more brittle it becomes by pro- 
longed annealing ‘after carbonizing. Therefore it is necessary that 
the carbon content should be low in the core, and for this reason a 
preference is given to steels containing from 0.12 to 0.15 per cent, 
of carbon for carbonizing or case-hardening purposes. 


TABLE I. — PENETRATION OF CARBON PER Hour WITH 
DIFFERENT ALLOYS 


Speed of Pene- 

Component of Alloys Mt aa 

ee per centyinanganese*.. 705.2% Se. Sa, A ree 0.043 
t.o percent inanganese ve) Hid UL 7 eee ee ee 0.047 
TO per cent chromite 09) Se) A pee . cen ae ok eee 0.039 
2:6 per cent..chiromiitm- Ts 58 70, PER, SE it ee 0.043 
Zo per cents nickels UU set tale . We ee eee a ae 0.028 
Bioper'cetit -tickel! - ba yee. eat er eer peer 0.020 
Gt per cent. tungsten i325 Ne A Pee cat eee 0.035 
TO Per Cent. CUNGSPEL Ms Vek ee. See ele Ot Pe Ne ee 0.036 
ERG PEL CONG PUNESTGH ML Tote eee aa git aloe ee er 0.047 
GF Per cent: SLIGOR IT ss. ise Mes oe ores, Peta ieee 0.024 
WG PersSeries Silicones Sys Vee en ala wee ee ee oder 0.020 
7.0 percent: SRiGoM.. 29a. HERI See. Meee: aioe cere 0.016 
SO pericenty silicon Mii Als: Gacy ok Seeeme pers meets 0.000 
iO Per Cent, titania ss, Hv. Seek Oe eee ee ere 0.032 
Bo per Gent MeaAnianisy xe ee ee ei ae ee re ee 0.028 
$0 per 'centy molybdetturtys) Ike och, Aiea ee teen AeA eee 0.036 
2;o*per cent: molybdenum’: PN Sey ee eee oe ee 0.043 
to per cent? aluminumn';’, $7 ies cans a pereees Sentera 0.016 


3,0 per. cent. aluminum), ;.0) eins Sh opaie cers eee 0.008 
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The rate of penetration for ordinary carbonizing steel under the 
same conditions would have been 0.035 inch. ‘Thus it will be seen 
that manganese, chromium, tungsten and molybdenum increase 
the rate of penetration. These seem to exist in the state of a double 
carbide and release a part of the cementite iron. 

Nickel, silicon, titanium and aluminum retard the rate of penetra- 
tion — 5 per cent. of silicon reducing it to zero — and these exist in 
the state of solution in the iron. 


The Carbonizing Materials 


The nature of the carbonizing materials has an influence on the 
speed of penetration and it is very essential that the materials be of 
a known chemical composition as this is the only way to obtain like 
results on the same steel at all times. 

These materials or cements are manufactured in many special 
and patented preparations. The following materials are used and 
compounded in these, preparations, but many of them give as good 
results when used alone as when compounded with others in varying 
percentages: Powdered bone; wood charcoal; charred sugar; charred 
leather; cyanide of potassium; ferro-cyanide of potassium; bichro- 
mate of potassium; animal black, acid cleaned. Prussiate of potash, 
anthracite, mixture of barium carbonate, graphite, petroleum gas, 
acetylene, horn, etc. 

Wood charcoal is very largely used in carbonizing steels, but the 
value of this material Varies with the wood used, the method em- 
ployed in making the charcoal, and other factors. Used alone it 
gives the normal rate of penetration for the first hour, but after that 
the rate gradually decreases until at eight hours it gives the lowest 
rate of penetration of any of the carbonizing materials. The best 

-wood charcoal is that made from hickory. 

Powdered charcoal and bone give good results as a carbonizing 
material and are successfully used in carbonizing nickel-chrome steel 
by packing in a cast-iron pot and keeping at a temperature of about 
2000 degrees Fahr. for four hours, and then cooling slowly before 
taking out of the pot or uncovering. 


TABLE 2 
MATERIALS USED AND RATE OF PENETRATION IN INCHES 
Teer Charcoal 60 per |Ferro-cyanide 66 : | 
PahCeehee cent. + 40 per | per cent. + 34 | Ferro-cyanide |Powdered Wood 
: cent. of Carbon-| per cent. of Alone Charcoal Alone 
ate of Borium Bichromate 

1475 0.020 0.033 0.020 0.020 

1650 0.088 0.069 0.079 0.048 

1825 0.128 0.128 0.128 0.098 

2000 0.177 0.177 0.198 0.138 


The speed of penetration caused by the action of different cements 
at different temperatures for the same time, 7.e., eight hours, is best 


shown by Table 2. 
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The nature of the carbonizing material has a very pronounced 
effect on the rate of carbonization, or the percentage of the carbon 
content in the surface layer of the piece, or both. 


Another Test of Penetration 


At the same temperature, i.¢c., 1825 degrees Fahr., for different 
lengths of time and with different cements, the rate of penetration 
obtained was according to Table 3. 

Eighty per cent. charcoal + 20 per cent. carbonate of barium, 
40 per cent. charcoal + 60 per cent. carbonate of barium, ferro- 
cyanide alone and 66 per cent. ferro-cyanide + 34 per cent. bichro- 
mate were used with practically the same results for eight hours’ time. 


TABLE 3 


Matertats Usep AND Rate OF PENETRATION IN INCHES 


Length of 
Cag x, Ferro-cyan- Tir reais 
“Hours |per cent. yo}, 106 66 per | Pees inate] Unwashed 
Sake cent. 0 an . pe Charcoal of ae 
Carbonate Bi chsomiate Alone Potassium io 
I 0.031 0.033 0.028 0.059 0.035 
v4 0.039 0.037 0.053 0.078 0.059 
4 0.047 0.049 0.063 0.0904 0.088 
6 0.078 0.074 0.072 0.011 0.100 
8 0.118 0.128 0.098 0.138 0.128 


Another set of tests was carried out for a longer period of time, 
with other materials and at a uniform temperature of 1650 degrees 
Fahr., with the results given in Table 4. 


TABLE 4 


Marertars Usep AND Rate or PENETRATION IN INCHES 


Length of Time a 


in Hours Charred Ground Wood Barium Carbonate 
Leather Charcoal and Wood Charcoal 

2 0.045 0.028 0.055 

4 0.062 0.042 0.087 

8 0.080 0.062 O.1II 


12 0.110 0.070 0.125 
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In the use of hydrocarbons, or gases, a fresh supply can be kept 
flowing into the carbonizing receptacle and the time greatly reduced 
for deep penetration with an appreciable reduction of time for the 
shallow penetrations. 

The constitution of a given steel is not the same in the hardened 
as in the normal state, owing to the carbon not being in the same 
state. In the annealed or normal steel it is in a free state, while in a 
hardened steel it is in a state of solution which we may call marten- 
site; and this contains more or less carbon according to the original 
carbon content of the steel. The composition, and therefore the 
mechanical properties, depend principally upon the carbon content, 
the mechanical properties being changed slowly and gradually by an 
increase in carbon, 

This is best shown by Table 5 in which it will be seen that the 
tensile strength and elastic limit gradually increased with the increase 
in the percentage of carbon, both in the annealed and hardened state 


TABLE 5.— Errect OF COMPOSITION AND HARDENING ON THE 
STRENGTH 


Case Very Low |Medium] High Very 


Paper pee Carbon | Carbon | Carbon | Carbon 


Carbone iors 0.10 0.14 0.23 0.52 | 0.60 | 0.72 
SUNCOM fiscita ct Geiser: 0.09 0.05 Oras) LOTS afo-1o: fo. 
Manganese ....... 0.19 0.33 0.45 |0.35 |0.40 | 0.38 
Phosphorus ....... 0.016 | 0.023 | 0.091 | 0.021 | 0.035 | 0.03 
2 Sil pi Wise bole oeecnt 0.025 | 0.052 | 0.062 | 0.043 | 0.025 | 0.06 


MECHANICAL PROPERTIES WHEN ANNEALED 


Tensile Strength (in 
pounds per square 
ERCH) her ayia. ks 60,300 |61,500 |66,500 |97,800 |116,400 |130,700 

Elastic Limit © (in 
pounds per square 


phatols) ea oer 36,300 |35,200 |41,200 |52,600 | 66,500 |75,800 
Elongation (percent- 
age in 4 inches)... 20 2h 26 20 14 9 


MECHANICAL PROPERTIES WHEN HARDENED 


Tensile Strength (in 

pounds per square 

WUGD pee we eee 66,400 | 73,100] 99,400|132,100/153,400|180,100 
Elastic Limit (in 

pounds per square 

NCH) eee eee 40,300 | 39,600] 54,000] 81,400/102,100/105,500 
Elongation (percent- 

age in 4 inches). . . 24 22 14 9 4 ° 
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while the elongation gradually decreased. These tests were made 
with bar 4 inch in diameter and 4 inches in length. It will also be 
seen that there was considerable change in the steels which were too 
low in carbon to be made so hard that they could not be filed. The 
reduction in elongation when the test bars were heated and quenched 
show that the metal was harder than when in the annealed state. 


Selecting the Proper Temperature for Quenching 


A hardening process that will produce a steel that is as homo- 
geneous as possible is always sought for in practice. This is easily 
obtained in a high-carbon steel and especially if it contains 0.85 per 
cent. carbon, by passing the recalescent point before quenching. 
The desired homogeneity is not so easily obtained, however, in the 
low-carbon steels as they have several points of transformation. If 
these are quenched at a point a little above the lowest point of trans- 
formation the carbon will pass into solution, but the solution is not 
homogeneous. ‘To obtain this result it is necessary that the quench- 
ing be done from a little above the highest point of transformation. 
This is higher in the low- than in the high-carbon steels. In practice 
this calls for a quenching of the low-carbon steels as about 1650 
degrees Fahr., while a high-carbon stee! should be quenched at about 
1450 degrees. 


Testing Pyrometers 


Pyrometers can be tested by placing some common salt in an 
iron box and heating until it melts. Put the pyrometer in the molten 
salt and, if correct, it will register 1441 degrees Fahr. 

A Table of Fahrenheit and Centigrade thermometer scales is given 


on page 455. 
Test of Hardness 


The hardness of metals, particularly of steels which are heat 
treated, is now tested with either the Shore Scleroscope or the Brin- 
nell Ball method. 


THE BRINNELL TEST 


Tue Brinnell method of testing consists of forcing a hardened steel 
ball of given dimension into the metal to be tested under a given 
pressure. The diameter of the impression made is read with a gradu- 
ated microscope and the hardness found by consulting the table 
below. In this the ball is ro millimeters in diameter. If, with a 
pressure of 3000 kilograms as indicated by the testing machine, the 
diameter of the depression is 3 millimeters, the hardness number is 
418. Dividing this by 6 gives practically 70, as shown under the 
second column. According to this table, a pressure of only 500 
kilograms will give a direct reading which is about the same as that 
of the Scleroscope. The standard pressure however is 3000 kilograms. 
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THE BRINNELL METHOD 
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SCLEROSCOPE READING 


In the Shore Scleroscope, a miniature drop hammer tup falls from 
a fixed height to the surface of the metal being tested. The height 
of the rebound indicates the hardness on an arbitrary scale which 
has 115 divisions, these meeting all usual requirements. This 
method can be applied to any material which will take a permanent 
set under impact. For, no matter how hard the material, the falling 
weight, weighing about 40 grains, makes a dent which can be seen 
with a glass. , 


The following table shows the readings which will be obtained on 
the Scleroscope for the materials indicated, this giving the compara- 
tive hardness of the materials. 


SCLEROSCOPE HARDNESS SCALE 


Metal Annealed Hammered 


seed —— OSE. tas san eee a 5 3-7 
Ralls taeee om a7 Rice 2 oer enn Be 4-9 

GOL aera, Tove int nate see eee S 84 
Bilvtret eta cn eee prene 64 20- 30 
Brass. —— easton aoraen teste ah ie eee Hea 

Bie in CASte tc) ea eae ein eee ee 8 12 
Brass — Ursiwals = 2 €cieenticcca a. eee 10-15 20- 45 
Bisa Ch CAS ree ee ana 9 

BIA TUE t Biot. alent fee a eee nee 10 17 
Conper—— Casti. canes setae eae 6 14- 20 
ZINC — CASE ns eeinod maar 8 20 
dicey ey 1g WA A WR Se ro Sr ’ 18 25- 30 
Mild ‘stech (6.05) CcarpOn cu Scere 22 30- 45 
Nickel Aniede— Casts cago «tse inate 31 55 
ron’ erisic—e Caste onese as ayer aed 30-45 

iron; gray =—.chilled %,..4 6c oven 50- 90 
Steel toaly 9% Canna. es0 ss osaan ok 30-35 40- 50 
Steel. tool, 1.659% carbon s.2s..ea06 35-40 

Vanadium Steeles oe ae pee ion ee 35-45 

Chrome — Nickel 25.04 ce seen 47 

Chrome — Nickel, hardened ........ 60- 95 
Steel, high speed, hardened ......... 7O-105 
Steel, carbon, tool, hardened ........ go-110 


Nore. — These figures vary with the composition and density 
of the metals. They are about ? those of the Brinnell test for equal 
hardness, varying somewhat with the kind of metal. 
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FAHRENHEIT AND CENTIGRADE THERMOMETER SCALES 


19 c E Cc F c ¥ Cc 1 Cc 


— 40]— 40. 70 | 21.1 || 185 | 85. 950} 510. || 2100} 1149. 
— 35|— 37-2|| 75 | 23-9 || 190 | 87.8]| 1000 | 537.8 || 2150 | 1176.5 
— 30/— 34.4|| 80] 26.7]! 195 | 90.6 || 1050} 565.5 || 2200 | 1204. 
— 25|— 31.7]| 85 | 29.4 || 200 | 93.3 || 1100 | 593. || 2250 | 1232. 
— 20|/— 28.9]| 90 | 32.2 || 205 | 96.1 || 1150] 62. || 2300 | 1260. 
— 15|— 26.1]! 95 | 35. || 210] 98.9 || 1200] 648.5 || 2350 | 1287.5 
— 10|— 23.3]| 100 | 37.8 || 212 | 100. || 1250] 676.5 || 2400 | 1315.5 
— 5|/— 20.6|| 105 | 40.6 || 215 | 101.7 || 1300 | 704. || 2450 | 1343. 
o|— 17.8]| 110 | 43.3 || 225 | 107.2 || 1350 | 732. || 2500 | 1371. 
+ 5/— 15. || 115 | 46.z || 250 | 121.2 || 1400 | 760. |} 2550 | 1399. 


10|— 12.2|| 120 | 48.9 |] 300 | 148.9 || 1450 | 788. || 2600 | 1426.5 
15|— 9.4|| 125 | 51.7 || 350 | 176.7 || r500 | 816. || 2650 | 1455. 
20/— 6.7|| 130 | 54.4 || 400 | 204.4 || 1550] 844. || 2700 | 1483. 
25|— 3-9|| 135 | 57-2 || 450 | 232.2 || 1600 | 872. || 2750} I510. 
30] — I|| 140 | 60. || 500 | 260. |] 1650] 899, || 2800 | 1537.5 


145 | 62.8 || 550 | 287.8 || 1700 | 926. || 2850 | 1565. 


w 
nN 
OR HORW DO! 


35}+ 1.7|| 150 | 65.6 || 600 | 315.6 || 1750 | 954. || 2900 | 1593. 
490 4|| 155 | 68.3 || 650 | 343.3 || 1800 | 982. || 2950 | 162r. 
45 2|| 160 | 71.1 || 700 | 371.1 || 1850 | Loro. || 3000 } 1648.5 
50) I 165 | 73-9 || 750 | 398.9 || I900 | 1038. || 3050 | 1676. 


170 | 76.7 || 800 | 426.7 || I9g50 | 1065.5 || 3100 | 1705. 


175 | 79-4 || 850 | 454.4 || 2000 | 1093. || 3150 | 1732. 
180 | 82.2 |} goo | 482.2 || 2050 | 1121. || 3200 | 1760. 


ion) 

ie) 
HHH 
ee) 
WwW OC 


‘ To convert Fahrenheit into Centigrade: Subtract 32 from Fahren- 
heit, divide remainder by 9 and multiply by s. 
Example: 212 Fahr. 
32 
~- 18 +9 = 20. 20 X 5 = I00. 


180 
Ans. 212 Fahr. = 100 Cent. 


Centigrade to Fahrenheit: Divide by 5, multiply by 9 and add 32. 
Example: 260 Cent. +5 = 52. 52°X 9 = 468 + 32 = 500 Fahr. 
Ans. 260 Cent. = 500 Fahr. 


ALLOYS FOR COINAGE 


Other ‘ 


Gold |Copper} Silver |Constitu- Remarks 
ents 
Goldicom, Bee. 91.66 8.33 — — British standard. 
be ae he eee 90.0 10.0 — — “Latin Union” and American. 
mL A ee Ti33..1 082-73. |, 25.03 — Roman, Septimus Severus, 
265 A.D. 
ve et ae 40.35 | 19.63 | 40.02 _— Early British B.C. 50. 
Silver coin ..... O.1 ae, 92.05 | Lead 0.2 |Roman B.C. 31, almost same 
as British silver coin. 
Ee ness, oe 7.5 92.5 — British standard. 
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ComposITION OF Bronzes (NAvy DEPARTMENT) 


White Metal: PARTS 
tht ee eee Cre horas Some ese Tee en See 7.6 
(Oo) ojo ey Cee Ona Caer ae tee be. oe sb nee 2.3 
YA eee Mee ae ee ee ie oe ee, ae ae eR 83.3 
AS HOD ii et th alayfetaene ca Mogi’ oak eka ae tunis Rieaaikayscs 3.8 
Te Ca Oe pegs: tes, cuxtonsr a4 csachaniay 15) abe aera ene ROC aA a) easter 3.0 

Hard Bronze for Piston Rings: 

Tin “teh 22.2.2), DEEP SER SR ee 1S ee 22.0 
Copperios 5.6.00. PE ats Pek 5 oe Siege etude ae cht de erate 78.0 

Bearings — Wearing Surfaces, etc.: 

Copperp int, .2n0 cae hk cate Aes dee ee ee 6 
SDSS Loc te rr eae areca eter ee I 
PAN Were, She ah ahs GROMER cis Taare LOE eile a sta 4 

Naval Brass: 

COPD Eis. fe. n.a aden Chea otras ators ele Reise eave eet 62.0 
gi Bcc a A eae Tete en CRN Ore MAM REE ce eR a oo 1.0 
ZAC ave Sis sin ea edb ohsa cc: er Deets Heal hot eR int ee, 37-0 

Brazing Metal: 

Coppers 2.24 Oxtc. . ORS UEh ORE Chere e Bad Sees 85.0 
ZAC SRT Es Nad, DOES RARER Rt Rae ks eles 2 ae 15.0 

Antifriction Metal: 

Copper — (best teined)) 1, yee. oak ota eee 3-7 

Banavtin, (oe esa eye ee ee ee ee 88.8 

Repulustor antinony ys0.es te arte ae cee oc ont a5 
Well fluxed with borax and rosin in mixing. 

Bearing Metal — (Pennsylvania Railroad): 

COPPEI as. Fane mcieencedel a oe Oconto te ake ects Pictican ete siete nee eS 77.0 
MPT a car teke Cash, gate So eo ee OS ee eee eee ° 
boob amet Pete ire crea Mr a Pointer risa Oneiee 15.0 


structure. For heavier duty tin should be added. 


BrARING METAL 

In the Journal of the Franklin Institute G. H. Clamer states that 
13 parts antimony and 87 parts lead make an excellent bearing 
metal, these being exactly the proportions which give a homogeneous 


BismutH Axioys (Fustpre MeETALs) 


Bismuth Lead 
Newton’s alloys ...| 50.0 31.25 
Rose’s MEE BELO 28.10 
Darcet’s “ 50.0 25.00 
Wood’s 50.0 24.00 
Lipowitz’s “ 50.0 27.00 


Tin 


18.75 
24.04 
25.00 
14.00 
13.00 


Cadmium 


Melting 
Point 


| igs 


95 
100 


93 
66-71 
60 
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ALLOYS 

Copper| Tin |Lead} Zine |Nickel aed 
Rabbitteyscs-. 8. | 92. 4. |Very hard. 
Bell metal ....| 76.5 | 23.5 “Big Ben,” 

74.8 | 25.2 Westminster. 
IBFaSS a fhe: 63-72 27-34 Typical brass. 

“wire 70.20] 0.17 29.26 
Britannia ..... 1.46| 90.62 7.81| Birmingham 
sheet. 

Bronzewr nc 0. 95 ; I. British coinage. 

80-90] 12-18 Ts Heavy bearings. 
German silver. .| 60 BOW 20 Nickel varies. 
Gun metal ....| 91 0. Cannons. 
Mannheim gold| 80-88 20-12 
Muntz metal ; .|60-62 38-40 Ship sheathing. 
Packfong...... 43.8 40.6 Chinese alloy. 
Shot metal .... 99.6 15.6 Trace of arsenic. 
Speculum ..... 70.24| 29.11 trace Telescope mir- 

ror. 
Type metal....| 2.0 | 10. {70 18. 
3.2 |82 14. |Stereotyping. 

White metal ..| 6. | 82. 12. |For bearings. 


Brass Alloys 


Strictly, a brass is a copper-zinc alloy containing one-third zinc 
and two-thirds copper; whereas a bronze is a copper-tin alloy con- 
taining approximately ro per cent. tin and go per cent. copper. The 
old-style gun metal contained from 90 to 92 per cent. copper and 
from 8 to ro per cent. tin. Lead is frequently added to both these 
classes of alloy to make them machine more easily, and both tin and 
zinc are commonly used in the same alloy, so that today we have a 
series of copper-tin-zinc alloys of almost infinite variety. In all cases 
in the useful alloys of this class, however, there is present more than 
50 per cent. copper. 

In most of the modern alloys tin is depended upon to give strength 
and zinc to cheapen the mixture. Some of the old-style gun metals 
contained as much as 16 per cent. tin and 84 per cent. copper, but 
such metals were brittle and hard. The common yellow brass 
employed by plumbers in making ordinary valves and fittings may 
be considered as composed of approximately 16 pounds copper, 8 
pounds zinc, and } pound lead. It will be noticed that this consists 
of approximately one-third zinc and two-thirds copper, with a little 
lead added to improve the machining qualities. For the making of 
high-grade casting ingots or new metal should be used in all cases. 
In making a brass the copper should be melted first and the zinc 
added, care being taken not to let the temperature rise too high, for 
if it does the zinc will ignite and burn. The lead is added last and 
the meta] thoroughly stirred. 
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PROPERTIES OF METALS 
i Wt. rt. si Speci mical 
plese) Maint’ | Cutn| CuFt, | Strength | Gravity | Symbol 
Aluminum ...... 1217 | .0924| 159.63 | 20,000} 2.56 | Al. 
Antimony ...... 1166 | .2424 | 418.86 6.71 Sb. 
Bismuth ........ 518 | .354 611.76 9.83 Bi. 
Brass, Castes. 1: 1692 | .3029 | 523.2 | 24,000] 8.393 
Brovize suites: 1692 | .319 550. 36,000 | 8.83 
Chromium ...... 2750 | .2457 | 429.49 6.8 Gr 
CObnleaye at ay. 2714 | .307 530.6 8.5 Co. 
Copper)... 1981 | .322 556. 36,000 | 8.9 Cu. 
Gola Rew aes 1945 | .6979 | 1206.05 | 20,000 | 19.32 Au. 
Lidia ts: 4172 | .8099 | 1400. 22.42 dry 
Ton icastvr 2st 2700 | .26 450. 16,500 | 7.21 Fe, 
Iron, wrought ...| 2920 | .278 480.13 | 50,000} 47.7 Fe. 
Leade eet ae it. 621 | .41 710. 3,000 | 11.37 Pb. 
Manganese ..... 2237 | .289 499.4 8. Mn. 
Mercuty 27> :21.- —36 | .4909 | 848.35 13-59 Hg. 
Nickell eee 2646 | .3179 | 549.34 8.8 Ni. 
Platinum... 3191 | .7769 | 1342.13 21.5 Pt. 
Sivert eaten es 1761 | .3805 | 657.33 | 40,000 | 10.53 Ag. 
Steel —cast ....] 2450 | .28 481.2 | 50,000] 7.81 
Steel — rolled ...| 2600 | .2833 | 489.6 | 65,000} 7.854 
LIL ee ene, ee 449 | .2034| 455.08 | 4,600|] 7.29 Sn. 
Tungsten ....... 5430 | .69 1192.31 19.10 W. 
Vanadium. ...... 3146 | .1987 | 343.34 5.50 V. 
ZNAE. ie nck Sone 786 | .245 | 430. 7,500 | 6.86 Zn. 


Aluminum — pure 


2031 inch per foot 
. “ “ 


pO SS aes lor a ee eee ‘1875 | 
= SPECIAL AUIOY ban Seielan Gente conte 5a pt: aly dala nel 
ron, smiall Cylinders se .3 cnc. ect r ares [OOO R mE. OS: ae 
GE 2 To Yo Ries pray St Ree ACE a te PAN proce CTY ei lmmecsion 
We 4 GLECCSGANIO. IFPATS Bc aes ete tents ca eet Oc) Snes 
“Large Cylinders, Contraction of Diameter 
BULGE. sys agi ats mote tie cae) cyaer aed its ileal go nae 
“Large Cylinders, Contraction of Diameter 
SESE OOM ask ante SE Lo «Oa eae Ct) aia tat 
«Large Cylinders, Contraction of Length... .094 “ “ “ 
Praag DE Ease scott’ ald econ aa ee SU) Sa bs 
dee bs ds orl a te tole I. ts0 “OO 
(COPIER © fans ries Sole hea Gaal Patent oe Roget es 
PBISTAUE Nast eas metre ake Rs ee LE agen 3 
LGN Std ia 4k ind op aes cee ae yA a ala toe 
511 INE HE eth RM OE aMe ett A res lea ees iY ape ade mcg Ue b= 
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Aluminum 


Can be melted in ordinary plumbago crucibles the same as brass 
and will not absorb silicon or carbon to injure it unless overheated. 
Melts at 1217 degrees Fahr. or 625 Cent. Becomes granular and 
easily broken at about tooo Fahr. 


Shrinkage of pure aluminum ............ .2031” per foot 
Nickel Aluminum Casting Alloy ...:..... "1875" “« & 
Special: Casting Allovas\s We osunaedetds ae ‘t718" 


The most used alloys have a strength of about 20,000 pounds to 
square inch at a weight of one third that of brass. 

Iron or sand molds can be used and should be poured as cool as 
it will run to avoid blowholes. 


Burnishing. — Use a bloodstone or steel burnisher, with mixture 
of melted vaseline and kerosene oil or two tablespoonfuls of ground 
borax, dissolved in a quart of hot water and a few drops of ammonia 
added. 


Frosting. — Clean with benzine. Dip in strong solution of caustic 
soda or potash, then in solution of undiluted nitric acid. Wash 
thoroughly in water and dry in hot sawdust. 


Polishing. — Any good metal polish that will not scratch will clean 
aluminum. One that is recommended is made of 

Stearic Acid — One part 

Fuller’s Earth — One part } Grind fine and mix very well. 

Rotten Stone — Six parts J 

Castings are cleaned with a brass scratch brush, run at a high 
speed. Sand blasting is also used both alone and before scratch 
brushing. 


Spinning. — A high speed, about'4000 feet per minute, is best for 
spinning. This means that for work 5 to 8 inches in diameter, 
2800 to 2600 revolutions per minute is good, while for smaller work 
of 4 inches this would go up to 3200 r.p.m. 

Turning. — Use a tool with shearing edge similar to a wood- 
cutting tool as they clear themselves better. Use kerosene or water 
as a lubricant, or if a bright cut is wanted use benzine. For drawing 
on a press use vaseline. 


Soldering. — See page 92. 


STEAM HAMMERS AND DROP FORGING 


WHILE it is impossible to accurately rate the capacity of steam 
hammers with respect to the size of work they should handle, on 
account of the greatly varying conditions, a few notes from the 
experience of the Bement works of the Niles-Bement-Pond Company 
will be of service. 

For making an occasional forging of a given size, a smaller hammer 
may be used than if we are manufacturing this same piece in large 
quantities. If we have a 6-inch piece to forge, such as a pinion or 
a short shaft, a hammer of about 1100 pounds capacity would answer 
very nicely. But should the general work be as large as this, it 
would be very much better to use a 1500-pound hammer. If, on the 
other hand, we wish to forge 6-inch axles economically, it would be 
necessary to use a 7000- or 8000-pound hammer. The following 
table will be found convenient for reference for the proper size of 
hammer to be used on different classes of general blacksmith work, 
although it will be understood that it is necessary to modify these 
to suit conditions, as has already been indicated. 


Diameter of Stock Size of Hammer 
RE LTICID SS seers nea acacs (orsis) aida miaie > alu.sp s/a/ lie santa ale a a TI 250 to 350 pounds 
A CIRCHOS Pec tren concise = eeetah seisvwin in minis, viseaye a Pate Aas ate ae 350 to 600!pounds 
Ad ER CHES ec eetyetyna sas ernie aid sicminiatala’s cs «SaaS pie tareia sae 600 to 800 pounds 
Bt EMCMOS) 5 ca/als Six sievac wlecwiapnfeisrdicie: daa, o/ap, Fe "eins hahel aera he a otra cela 800 to tooo pounds 
Oa Inches) 2<.JatiNe <chair ac Pas calle as lda ik v Saciee pale oles rroo to 1500 pounds 


Steam hammers are always rated by the weight of the ram, and the 
attached parts, which include the piston and rod, nothing being added 
on account of the steam pressure behind the piston. This makes it 
a little difficult to compare them with plain drop or tilting hammers, 
which are also rated in the same way. 

Steam hammers are usually operated at pressures varying from 
75 to 100 pounds of steam per square inch, and may also be operated 
by compressed air at about the same pressures. It is cheaper, how- 
ever, in the case of compressed air to use pressures from 60 to 80 
pounds instead of going higher. 

In figuring on the boiler capacity for steam hammers, there are 
several things to be considered, and it depends upon the number of 
hammers in use and the service required. It will vary from one 
boiler horse-power for each roo pounds of falling weight up to three 
horse-power for the same weight, according to the service expected. 
In a shop where a number of steam hammers are being used, it is 
usually safe ,to count on the lower boiler capacity given, as it is 
practically safe to say that all of the hammers are never in use at 
the same time. In a shop with a single hammer, on the other hand, 
and especially where hard service is expected, it is necessary to allow 
the larger boiler capacity as there is no reserve to be drawn on, due 
to part of the hammers being idle, as in the other case. 
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DRAFT IN DROP FORGING DIES 


IN sinking dies for drop forging, it is important that the draft at 
the sides of the impression should be made as little as possible to 
avoid heavy cuts in the machining operations. It is equally im- 
portant that the draft be sufficient to allow the forging to be easily 
withdrawn from the die, else production under the hammer will be 
hampered. The standard draft (or draw) for most dies is 7 degrees 
from the perpendicular, but other angles are used in special cases 
and sometimes two or three different angles of draft are used in the 
same die at different parts of the impression. 

Figure 1 shows the plan and side elevation of a lower die where 
three angles of draft are advisable. The shoulders A and B are 


Fic. 1.— Example of Draft in Drop Forging Dies 


places where the metal is likely to hug on account of the contraction 
of the hot metal along the part marked C, which is of comparatively 
small cross-section and will cool rapidly. These shoulders are given 
an angle of 9 degrees. The inserted tool-steel plug D, is another 
place where metal is likely to hug badly. It is usual to give such 
plugs 12 and even 15 degrees of draft on each side. Moreover, the 
tendency of plugs to get “jumped up,” hammered over and badly 
heat checked is much reduced if they are given a big draft. The 
part marked £ is semicircular and will draw easily. The end of E 
at F isa part of a sphere. All other sides of the impression are given 
7 degrees draft. If the die is smooth and regular the forging will 
draw easily. 

All impressions are laid out to one-eighth inch to the foot shrink 
rule. This allows for a shrinkage of about 0.010 inch to the inch. 
The same shrinkage is allowed in the thickness of forgings. For 
example: A forging is to be 2 inches thick with half the thickness in 
each die. The depth of impressions will be 1.010 inch in each die. 
In laying out the impression on the face of the die, allowance has 
been made for shrinkage in length, thickness and breadth of forging, 
and, in addition, for the draft on the sides. In complex dies where 
there are many different depths and offsets on the face of the die, the 
die sinker has to keep all these points constantly in mind while laying 
out or run the risk of spoiling the whole job. 


A TABLE OF DRArr DIMENSIONS 


The allowance for 7-degree draft is easy to remember, being almost 
exactly 4; inch at the face of the die for each t inch of depth. Table 
t has been calculated to give the allowances in thousandths of an 
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inch on actual depth, as measured with an ordinary depth gage. ° 
It is not usual in marking out to work closer than yy inch, but the 


TABLE r. — ALLOWANCE IN THOUSANDTHS OF AN INCH AT FACE OF 
Dre FoR STANDARD ANGLES OF DRAFT AND VARIOUS DrEprTHs 
OF IMPRESSION 


, STANDARD Drarr ANGLES IN DEGREES 
Depths in ge ie ot Pes he noe wart ea) Ve ee 
Hah 5 Degrees 7 Degrees 9 Degrees 12 Degrees 

Inch Inch Inch Inch 

t 0.011 0.015 0.020 0.027 

3 0.022 0.031 0.040 0.053 

| 0.033 0.046 0.059 0.080 

4 0.044 0.061 0.079 0.106 

i 0.055 0.077 0.099 0.133 
0.066 0.092 O.119 0.1590 

t 0.077 0.107 0.139 0.186 

I 0.087 0.123 0.158 0.213 
0.008 0.138 0.178 0.230 

I 0.109 0.153 0.198 0.266 
1} 0.120 0.169 0.218 0.202 
14 0.131 0.184 0.238 0.319 
1% 0.142 0.200 0.257 0.345 
13 0.153 0.215 0.277 0.372 
1} 0.164 0.230 0.207 0.3990 

2 0.175 0.246 0.317 0.425 


arrangement of table in thousandths allows the nearest »; inch to 
be taken. ‘The best plan is to take the allowance for the angle at 1 
inch depth as a constant and figure out the allowance for the partic- 
ular depth wanted from the expression 


Draft allowance = <2 4 
Where C = a constant and D = the depth in inches. 


Makino Types 


A type, shown in Fig. 2, is generally used as a guide for chipping 
and scraping out the spherical end of the semicircular part E. It is 


ca ie 
Mean Angle 
of Drafc 


ale 
Fic. 2 Fic. 3 
not usual to make the curve on the end conform to any particular 
mean angle of draft. Most diesinkers merely turn the end of the 


type to a curve that looks right to the eye. However, uniformity 
is desirable in these curves and Table 2 is given as a help in that 
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TABLE 2. — MEAN Drart or SPHERICAL END or CYLINDRICAL 
TYPE 


When Radius of End of Type is Mean Angle of Draft in Degrees is 


x Diameter of Type 
“ “ 


““c 


HHDYND 
alt bole 

XXX XK 

Oo CONT Din 

ROHR Rolie loo 


Pelco 


—7- 


direction. It gives the values of the mean angle of draft with various 
radii expressed in terms of the diameter of the type. It will be noted 
that if the radius 7 is made twice the diameter of the type the mean 
angle of draft is 7} degrees. This rule is easy to remember and a 
good one to adopt as standard. <A good and easy way to get a close 
approximation to the required curve is as follows: Turn a cylinder 
of tool steel to the required diameter. Face the end square, scratch 
off the distance G H equal to the allowance for draft obtained from 
Table 1, remembering that the depth is half rae 

the diameter of the type. Turn the end toa poy 
curve which is uniform to the eye from the 
center to the scratched line H. After the type 
is hardened it is ready for use. 

Semicircular impressions are finished with 
ball cutters of the correct diameter. When a 
ball cutter of the correct diameter is not at “ 
hand and the job will not warrant making one, Fic. 4 
the following method may be used. The center 
line of the impression is projected to the end of the die. A semicircle 
is scribed on the vertical surface of the end. After the impression is 
roughed out, a smaller ball cutter is placed in the chuck of a diesink- 
ing machine and the knee and slides manipulated until the cutter is 
in proper relation to the semicircle as shown in Fig. 3. A square is 
used to indicate when the curves of cutter and semicircle are coinci- 
dent, as at J. The micrometer dials are now set, the lateral slide 
locked, the knee lowered, the longitudinal slide operated until the 
cutter is in position over the impression and the ball tool sunk into 
the die until the micrometer comes. to the position set at the semi- 
circle on the end. A longitudinal cut is taken with this setting. The 
cutter is then placed in another lateral position and the operation of 
setting and cutting repeated. It may be necessary to perform this 
operation several times, and even then the result will be a series of 
gutters and ridges instead of a uniform, semicircular depression. 
This can be readily corrected with the scraper and riffler. 

An aid in testing the accuracy of semicircular impfessions is shown 
in Fig. 4. If the semicircle is true, the corners of the square will 
touch in all positions when the sides are resting on the edges of the 
impression. If the square rocks on the corner in any position, that 
spot is high and must be scraped down. This test must be made 
before the *‘flash”’ is milled in the die. 
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KNOTS AND SLINGS FOR HANDLING WORK 


Tue knots described have been useful in work in out-of-the-way 
places. No. 1 indicates the meaning of the terms employed. 


No. 2, Simple or Overhand Knot. — The simplest of all knots to tie, 
and may be used as a stop on a rope. A free end is necessary to 
make it. If strained, it injures the fiber of the rope more than a 
figure-8 knot, and it is difficult to unmake and liable to jam. 


No. 3, Double Overhand Knot. — Used for the end of a rope when 
it is required to prevent its going through an eye, as in a pulley block 
or for the end of a halter rope. Also useful for shortening a rope and 
may be made with any number of turns: A in the illustration shows 
the first position; B, the knot finished with two turns; and C, one 
with four full turns of rope. 

No. 4, Figure-8 Knot (Flemish). — May be employed as a stop on a 
rope; is less injurious to the fiber of the rope, and more easily undone 
than either the single or double overhand knot. If made with the 
rope doubled and the bight left long, it becomes a figure-8 hoop 
knot. 


No. 5, Stevedore Knot. — End of the rope is wrapped twice around 
the standing and then passed through the eye. Useful as a stop ona 
rope to prevent the end going through an eye, as in a pulley block 
(see double overhand knot). Also employed instead of sewing the 
rope end with twine. 


No. 6, Boat Knot (Marline-spike Hitch). — Suitable for quickly 
making a rope ladder, or getting a temporary pull on a rope with a 
marline-spike. No free ends required to form this knot. Point 
marked A must always be at the back of the spike or rung of the 
ladder, away from the direction of the weight or pull. 


No. 7, Slip Knot (Simple Running Knot). — The simplest kind of 
slip knot. It may be used similarly to the packer’s knot, but is not 
so good, as it is liable to pull through and does not bind on the rope. 


No. 8, Tomfool Knot (Double Running Knol). — When the loops 
are drawn taut and the ends tied, this makes a pair of handcuffs 
which it is almost impossible for the person so secured to undo. It 
may be used as a barrel sling, half-hitches being put on the ends, and 
the hook put under the knot itself. The bight marked 3 is passed 
through the overhand loop as shown by the dotted line. 


No. 9, Flemish Loop. — This knot makes a simple loop for light 
work and may be used in the same way as a bowline, but is not so 
quickly made; neither is it so secure nor so easily undone. The 
security depends almost entirely upon the check knot. 

No. 10, Bowline.— A generally useful knot when a loop of any 
sort that will not slip is required, as in a sling for lowering a man, or 
fastening a bucket to a rope. 

No. 11, Bowline II. — A method of attaching the end of one rope 
to the standing of another. A half turn is put in the standing and the 
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end of the other rope taken through as if tying an ordinary bowline. 
This knot is practically a sheet bend. 
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No. 12, Running Bowline.—As shown in the first position a half 
turn is made at A (shown dotted) and the end is passed through and 
to the back of the part marked B. This is a good slip knot and does 
not tighten on the standing, always remaining open. 


466 HANDLING WORK 


No. 13, Bowline on a Bight. — The part marked A is passed behind 
B and then in the direction of the arrow to C. The bight B is then 
pulled taut. The two loops of this knot may be used as a man sling, 
a barrel sling, or as a double man-harness, one loop under each 
shoulder. When tightened it will not slip. 

In case of an injured man, one of the loops can be kept shorter 
than the other and adjusted under the armpits, the man being 
seated in the larger loop. 

No. 14, Open-hand Loop Knot and Figure-8 Loop Knot.— The 
upper loop knot is the one in common use and is adapted principally 
for small ropes. The lower, or Figure-8 knot, is a better form and 
may be used on a larger rope as it injures the fiber less than the 
common form. These knots require a greater length of rope than the 
bowlines, but may be used in similar ways. 

No. 15, Man-harness Knot. — This knot can be tied in a rope with 
neither end free. The bight A is pulled through under B and over 
C, and the knot pulled taut. It is useful as allowing a number of 
men to get a good purchase on a rope for hauling; also to put loops 
in the rope to receive hooks at points other than the ends. 

No. 16, Packer’s Knot. — A modification of a simple slip knot, but 
has the advantage, when pulled tight, of biting on the standing at 
A and not easily slipping back. It is particularly useful for cording 
up rolls of camp bedding, etc. It can be made permanent by an 
added half hitch on the standing. 

No. 17, Blackwall Hitch. — A convenient method for returning an 
empty rope on a hook. With a greasy rope, method B holds better. 

No. 18, Modified Fisherman’s Bends. — These are given as alter- 
natives for securing ropes to poles or bars, and are adapted to heavy 
strains. 

No. 19, Fisherman’s Bend. — A better method than the gooseneck 
or lark’s head (Fig. 20) for securing a rope to a chain or link. It is 
also used to fasten the rope to a bar or the bail of a bucket. Lashing 
at A is necessary to prevent pulling through. As shown in first 
position, two turns are taken over the link and the end brought back 
in front and passed through the turns as shown dotted. 


No. 20, Lark’s Head. — Useful for fastening a rope to the link of a 
chain or to aring in a wall or box. It is not a secure knot unless lashed 
at A. B shows a toggle inserted to prevent slipping. C is a modified 
gooseneck on a bar, suitable for securing the end of a rope in scaffold- 
ing. The end must be placed at the back and the whole pulled taut. 

No. 21, Half Hitch. — A quick and simple way of securing a rope 
to a timber when no great pull is expected. The rope end is placed 
under the pole, then back over to the right as shown. The end must 
always be placed right at the back away from the pull, as shown at 4. 
The right-hand sketch shows the hitch with a slip to facilitate undoing. 

No. 22, Timber Hitch. — This is the best and simplest of all timber 
hitches and may be used for towing or otherwise handling timber, 
rods, pipes, etc.; also for starting lashings on scaffolding or any 
kind of pole work. For raising or lowering timber, the half hitch 
should be placed high above the center of gravity to avoid slanting. 
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No. 23, Clove Hitch. — This is one of the most useful of all hitches, 
as it will take a strain in either direction without slackening. It is 
used for mooring ships heads of derricks for guy lines and all kinds 
of rigging work. It may be easily undone, or a bight may be put in 
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instead of one end to use asa slip. When commencing to tie the hitch 
on a horizontal bar, the rule is over and back below, or the reverse of 
the procedure in tying a half hitch. 


No. 24, Rolling Hitch. — This lashing is used for getting a grip on 
a large rope with a smaller one. Made in a chain it can be applied 
to wire ropes and will not slip when the load has been taken up. 
It is also suitable for hauling on electric cables, or withdrawing 
diamond drill or other rods. For securing the end A may be brought 
down and be lashed to the large rope. In making, the end is passed 
over the spar twice, then returned back as shown at (3), then over 
behind as at (4), and up and under as at (5). 


’ No. 25. — A square or reef knot, used only for joining two ropes 
together. 


No. 26. — Sheet bend in an eye, generally used for an adjustable 
sling. 


In supporting a swinging scaffold, it is often advantageous to use 
light material, while, at the same time, strength is required. A plank 
on edge is a great deal stiffer than the same plank laid flat, and No. 
27 shows how to sling a plank edgewise by a rope so that it will stay. 
The knot used is a very simple one. A clove hitch is made around the 
end of the plank; then one of the parts is twisted around the plank 
until the ends lead as shown in the sketch. 

Very often it is desirable to shorten a piece of rope without cutting 
it. No. 28 shows a sheep’s shank which is used for this purpose. 
The rope is brought back on itself, making two or more bights, and 
a half hitch is taken around each bight. This knot will not slip, 
and will nearly fall apart of its own accord if the strain is released, 
so that when there is a liability of this happening, it is well to pass 
a piece of wood through the loop A at each end and pull the rope 
tight on them. 

One of the handiest knots to know is a bowline. The bowline will 
not slip, and is easy to untie. It can also be tied in the bight of a 
rope, and is then called a “‘bowline in a bight.” The steps required 
to tie it are shown at No. 29. It is particularly handy when it is 
necessary to hitch an auxiliary tackle on a fall to get additional pur- 
chase for a heavy lift. This knot has all the good points of the 
simple bowline. 

In using a block and fall for pulling things, there is a right way 
and a wrong way of doing it. No. 35 shows the right way, W being 
the weight to be moved. If A were the weight and W the post, the 
blocks being left as shown, then it would be wrong. The advantage 
of the right way of doing it is that the leverage due to one additional 
part of rope in the tackle is gained! thus a three-part fall, rigged in 
the right way, is as good as a four-part fall rigged in the wrong way, 
and has the additional advantage that there is one less sheave with 
its friction. In lifting a heavy weight, it is sometimes desirable to 
put a tackle on the fall to gain additional leverage; the common 
practice in a case of this kind is to hitch the auxiliary tackle to a 
“dead man.” The right way is to hitch this tackle to the piece to 
be lifted alongside the main tackle, which adds considerably to the 
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leverage, being equivalent to one more part to the main fall besides 
the gain by the use of the auxiliary fall. 

No. 30. — Clove or double half hitch. 

No. 31. — Timber hitch. 

No. 32. — Clove or doubleyhalf hitch as used for hauling. 

No. 33. — Studding sail hitch as used in hoisting timber. 


No. 34. — Timber and half hitch. “Useful in hoisting shafting or 
timber in a vertical position. 


SAFE LOADS FOR EYE-BOLTS AND FOR ROPES 
AND CHAINS 


TABLE 1.— SAFE Loaps ror Eyr-Boits 


A Inches Cc Safe 
B Load, Lb. 
Ey 1} Ys 1,100 
9 o x? 
18 Ty ag 1,500 
= s 1th $ 1,800 
i 1th $ 2,800 
Zz 6 3 
t rt } 3,900 
op-forged steel ............ us v & , 
Diop stars ahd 215 18 5,100 
tie 2x Iys 8,400 
13 246 rz 12,200 
eee 31u rh 16,500 
2 31a r¢ 21,800 
ri 3 134 10,000 
D.B G. iron E.L., 28,000 lb. per rz 4 14 IT,000 
squins welded) oc ciicccscescx 2 5 ri 14,000 
2k 6 2 16,000 


TABLE 2.— SAFE LOADS ON ROPES AND CHAINS 


Manila Rope, Safe Load Wire Cable, Safe Load Chaise: Safe Loadsintlons 
in Tons in Tons EY 
: a 2 : es 2 : 2 
‘38 5] 8 |3o4 E | & |34 18 
olf ices ay Ay VG AY Ay se) Og Ay Aa 
BR)mS) o] 4 | Esl me] 9 AE cat eran) © 4 
EAB = BS) E te) "3 | £9 —E S S| 6.0 EB fo) 
AM |/naM| & AO] um BH & AU| HO a & 
3 $ t 3 3 I 2 3 i t i 1b 
i 1 2 + : ES RAMUS 6b : I It 3 
t Fi co ee t 23 4h 9 i 2 3% 6 
k 4] x 2 t 3t 6 12 & 3 5 9 
I r rh 2h I 4 8 16 i 5 9 15 
14 id 2 3 1} 6 12 24 $ 6 Io} 18 
beg 13 2} 4 14 10 19 36 I 8 14 24 
1% 2 4 6 12 13 25 48 1} IL 10 33 
2 24 5 8 2 16 32 60 tt 13 23 39 
2t | 34 | 6% | xr 4 | 18 32 54 
23 | 44 | 8 13 
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COMMON WEIGHTS AND MEASURES 


LINEAR OR MEASURE OF LENGTH 


12 inches =1 foot. 3 feet =1 yard. 


54 yards =r rod. 


Inches Feet 
20 deg 

198 = 16.5 
7920 = 660 
63,360 =5280 


144 square inches 
9 square feet 


iol 


Sq.Mi. A. Sq. 


I = 640 = 102 


1728 cubic inches = 
27 cubic feet = 


8 furlongs = 1 mile. 


EQUIVALENT MEASURES 


Yards Rods Furlongs 
= ft 
= 5.5. = I 
= 220 = 40 = I 
=1760 =) 3201, = 8 


SQUARE MEASURE 


40 rods = furlong. 


Mile 


1 sq. foot. 30} square yards =r sq. rod. 


1 sq. yd. 160 square rods 
640 acres = 1 sq. mile. 


EQUIVALENT MEASURE 


Ra. *Sqy Yd: Sq. Ft. 
,400 = 3,097,600 = 27,878,400 


Cupic MEASURE 


1 cubic foot. 128 cubic feet 
1 cubic yard. 24% cubic feet 


t cu. yd, = 27 cu. ft. = 46,656 cu. in. 


437-5 grains = 1 ounce. 


WEIGHT — AvorRDUPOIS 


16 ounces= 1 pound. 2000 pounds = 1 ton. 


Tt ton = 20 ecwt. 


24 grains = 1 pennyweight. 


1 lb. 


2240 pounds = 1 long ton. 


I acre. 


Sq. In. 
4,014,489,600 


I cord. 
1 perch, 


roo pounds = 1 hundred weight. 


= 2000 Ibs. = 32,000 02, = 14,000,000 gr. 


WEIGHT = Troy 


12 ounces = 1 pound. 


= 12 02. = 240 pwt. = 5760 gr. 
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20 pwt. = I ounce. 
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Dry MraAsure 


2 pints = 1 quart. 8 quarts = 1 peck. 
4 pecks = 1 bushel 
t bu. = 4 pk. = 32 qt. = 64 pt. 
U.S. bushel = 2150.42 cu. in. British = 2218.19 cu. in. 


Liqurip MEASURE 


4 gills = 1 pint. 4 quarts = 1 gallon. 
2 pints = 1 quart. 31} gallons = 1 barrel. 
2 barrels or 63 gals. = 1 hogshead. 
2 bbl. = 63 gals. = 252 qt. = 504 pt. = 2016 gi. 


t bhd. 


The U. S. gallon contains 231 cu. in. = .134 cu. ft. 
One cubic foot = 7.481 gallons. 
One cubic foot weighs 62.425 lbs. at 39.2 deg. Fahr. 
One gallon weighs 8.345 lbs. 
For rough calculations 1 cu. ft. is called 7{ gallons and 1 gallon 
as 83 lbs. 
ANGLES OR ARCS 


60 seconds = 1 minute. go degrees = 1 rt. angle or quadrant. 
60 minutes = 1 degree. 360 degrees = 1 circle. 
tcircle = 360° = 21,600’ = 1,296,000”. 
1 minute of arc on the earth’s surface is 1 nautical mile = 1.17 
times a land mile or 6080 feet. 


WEIGHT OF A CuBic Foor oF SUBSTANCES 


: Average 
NAMES OF SUBSTANCES Ween 

S. 
Anthracite, solid of Petinsyivamlamn re eeis a+ coencye taty terse 03 
broken, LOOSE iis ek ocnes ite ke per Ord ee Ne VS Se RRS 54 
de Cig moderatelyyshakenrua.ni eh es ons 58 
cs heaped bushel; loose «5 5.22 sion Moher ee AE (80) 
Ash sAmenican-wihite,<dry - 54 2<c) tas ticn cae eee os a> 38 
IAS pbalibunt <5 cpoteron 3. fo A prara dee os Aes avclel a peta Sends Ore EAT 87 
Brass; (Copper and Zinc) cast... tu\... san. eet ment erro 504 

PP LOM SA rere aoe ese ee NOE PRED OF TOUS RELARLY: che 52 
Brick best Pressed c.c..stcsseers jac oP Aees ete cele ee AREA ee ons 150 
SSM COMINOM BANG A .tiecds aiels ju) kn Sis. TORE eM 4 125 
EMELSOU MI ERIOL | ee Rete cee a ne oaks Soiec, hia eee eae Orc emetic 100 
Brickworks presseGsDrick. os. ne atid 2 kena cross a es 140 
<< OLCUIDIAT VION car a seayn os Sel RE cs epee ales ote ea 112 
Cement, hydraulic, ground, loose, American, Rosendale ..... 56 
; : Louisville..:... 50 
of a © English, Portland <1) shit: go 
(Gata gia delat can tare 1s RR ha toe Se ee PEE iT ec th 42 
Chest iray eer et et aves, acta stave. sca,crstorornors yore eR 41 
Coal, bituminous, SOLIG” Mretin oe Moet cel dace... oc eet 84 
5 Broken; loosen sch wat... 3) 2a rel Sache 40 


se <e heaped bushelloose; ici: ite int, (74) 
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Weicut or a Cupic Foor or Supstances — Continued 


Average 
Names OF SUBSTANCES Weight 
Coke, loose; of good! coal: fie. phe tila ae ee 27 
e heaped busliel’: cera tert tae eee eee ee 38 
COPPer, CASH Neocron ae pad mp deete aimee guste tee ers eae eae 542 
> © -yolled., 3. oft ee eae erent gf ro ee ee 548 
Earth, common loam, dry; loose /5)0! SING oi. < AER. Le 76 
* Smoderatelyswanmmed 3205). 2 eee 95 
EbOny, GEY:. coc eee et reac rete a See Pe Nios a oe ee 76 
Bil, diy re SURGE oe old Fate as a le ae orate ae ered 35 
GS 83 eine i= as cate en etre spss, Soe coe > oe eee a 162 
Glass, common Wind0we.te. Jos rarer ts eter 157 
Geiss: COMMON, 6s «cay eye be eager etary ence ae ere 168 
Goldeast, PULTE; OF SANCALaL th acc. eles ope eee ee eee 1204 
Set pure. hammered oo oki cites oe steric strane eee 1217 
(Go ich eer ee Remelie 1) Caan ot gia ch Medea a ie is Weber ter Sth tic ty: 170 
Gravel, about the same as sand, which see. 
Henilockrdry st... 5-fahy cee ete eee ie wien «ene eee ea 25 
TIGR On V2 iY a Sos ayer cha Sie fre hay oe ois pee ee ee 53 
Hormblendeé, blacksgsiss ace sue os wale cand <scackgls eaepices dis ayeiaieiene tae 203 
iGO tea cea: hans rotntesa-u\t sa Meee TN oo ERs he 2 Sr 58.7 
EEOD pe GAS fans pn zaivie Seed Susser vif Oli oe pan ae See 45° 
Se WrOURD i. DULG Ac adh orct.x © «nus inal cyanea ae aes 485 
ee we AV CTOS Bed 23.0. 5ifa ay cvarahie ah 2 Seok ain a Cee 480 
1B 0) pi gaa cone TONE PREIS Or Tet AOE Rp RSID hen ar ug eee Eh eal 114 
1 Va eee Enel ea meee IE A rire tne tits os 71 
Teyertin: V iter, Waiy 2. eee a ieee er arn rat arty 83 
Lime, quick, ground, loose, or in small lumps .............. 53 
‘t thoroughly shaken) 3c,. to\Giuc ee 75 
Limestones and Mar bles.c . Avs 5's a sdnih » = coe, Rape 5 eptabloea tems rs 108 
J loose, in irregular fragments ....... 96 
Mahogany, Spanish, Cryer, .05,¢ chet iyeeaath Hitermenaeres 53 
Honduras, dry: isis 010 5 cu ou aha). ahaa Ela ee 35 
Maple; any (ir anos. ble. no eae chants, ha rs ete 49 
Marbles, see Limestones. 
Masonry, of granite or limestone, well dressed. ............. 165 
nf ff candstone, Well @teSSed Pim .<.0 4 seca peat 144 
Mercury; at's2° Pabrenbelts. «7a set miirce-~:teient Menge 849 
DNEREA oi crcin eS cum Ble, ore terra ccates x are nanan a's Buettner 183 
Mortars Hardened iy. fs.ci0 22 oencies Se Nn se eee ee 103 
Mad Pads; close (ions atc soestan cle cect eae 80to 110 
« -wet, fluid) maximum eed: Akal s Deb ae ceo 120 
Oaks Five, acyl Ps this cies Goa arate wanet Reray ae ee eer Petes 59 
it) White, dry Lastiod. cates nah. ke oo ee eee enn aS : 52 
af ob Bem Seta ds .ni0 tates spares at ce ee re 32 to 45 
Pettoletni.- as costes c nha wera ra ata rac eee ee a. 55 
Pine, white try ere fc 5 50 e oe inl oreinns ote Rie ean eeeie ca aetna s 25 
A” yellow, Northern \\s\ 2% '5 010 6 steel pst i= ae A a 34 


rE te. «, Sbatherns 5. Sect Peak Cee eee 45 
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WEIGHT OF A CuBIc Foot or SUBSTANCES — Continued 


Average 
NAMES OF SUBSTANCES Weight 

Lbs. 
Len atiketaaty Bettrapac gis oe, 2th ae Sh eS reed ie tae SRT At RC le. 1342 
Ouwartzycommion,| PULey Hates sus eee te cena Sm 165 
ROSTOAH18 oe eID: ee ACS ores, IRM ogi to Donon 69 
waltcoarser- Syracuse; Ng Vs mete citrine i Keenan hls So he 45 
Ss liverpool, ifine-storitableruse, arnt: ceinen. tacks Oe ce 49 
Sand jiof pure quartz,dry, loos@iss... AatekG Seo esas = 9 goto 106 
Mere Cl SHAK CH vac tiskcitsce a Reaeis oR SR Bae ae erect? oie 99 to §=6117 
SMT CLLECULY: Webra sisi ts eR Tene Card aera ces 120to 140 
Nahcdctones nt ton, DULCING WE wie acetate ce haere I5I 
Shalesamedtor Dla Ck Ane avs sats uiwcaceen sokoarse nbs arate is nao eee 162 
ISpUN en ace Meee Na tees Wee tee dan Meee ee tery en, Sanne ee a tn 655 
CIEL” Seed Me SoeOoa ANG cierto Arr ieicet es 175 
Snowe freshby fallen < . eects 2h See. er eo sete 5 to 12 
“moistened and compacted by rain ............. 15 to 50 

SDEMCO AAI. wre coat. t. an crac kane hen ote oe ae corn Oe Z 
BUCH Oe eae cr ee circ eb naar c-shok We ay tie tes aes ones tee eae 490 
SOUL OUT stn here yaks tes toeie ahah dicaeyekoey dicot cape anerate 2 ext eae ne ee 125 
DI GAMMOLE AU Vanry Meter Ge ceri ais neta. cave wuclaa a Ae eam nota ene 37 
OT ATEN AS Ne ce oe nk nae A ree Uta, HUA AER Dh tectema ness Scecd ie Slekred ven 62 
PRD CAS UA aie a tenn UNiir te ab ete ia a Aen Uae et sins 459 
MTOnge GA ty Gys, UN PLCSSEU wye.c/5 4h ipa uti vecacs cin oe 20 to 30 
Walnutsblackhdry xe) tne ttt . sweetest iene eae ones 38 
Water, pure rain or distilled, at 60° Fahrenheit ............ 624 
MMSE 8 AE UP rer ee erie SUG SSID Oe ee CREE Ee 64 
Waist bees heat Bape ke Sati al . thd ody mis cena heer euans 60.5 
TIDE OTS PELeen, cis kee tase ee eee ee aE, 437 


Green timbers usually weigh from one-fifth to one-half more than dry. 


WATER CONVERSION FACTORS 


U. S. gallons DOP ACES = pounds. 

U. S. gallons X 0.13368 = cubic feet. 

U. S. gallons X 231 = cubic inches. 
U. S. gallons X 0.83 = English gallons 
U. S. gallons 3:78 = liters. 

English gallons (Imperial) LO. pounds. 


English gallons (Imperial) De 1026) cubic feet. 
English gallons (Imperial) X 277.274 cubic inches. 
English gallons (Imperial) Mo i U. S. gallons. 


English gallons (Imperial) x. 4537 = liters: 


tue ta 


Cubic inches of water (39.1°) X 0.036024 = pounds. 

Cubic inches of water (39.1°) X 0.004329 = U. S. gallons. 
Cubic inches of water (39.1°) X 0.003607 = English gallons. 
Cubic inches of water (39.1°) X 0.576384 = ounces. 

Cubic feet (of water) (39.1°) X 62.425 = pounds. 

Cubic feet (of water) (39.1°) X 7.48 = U.S. gallons. 
Cubic feet (of water) (39.1°) X 6.232 = English gallons. 
Cubic feet (of water) (39.1°) X 0.028 = tons. 

Pounds of water > aN By = cubic inches. 
Pounds of water X 0.01602 = cubic feet. 
Pounds of water x 0.12 = U.S. gallons. 
Pounds of water X o10 = English gallons. 
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CONVENIENT MULTIPLIERS 


Inches X 0.08333 = feet. Sq. inches X 0.0o605 = Sq. feet. 
Inches X 0.02778 = yards. Sq. inches X 0.0007716 = Sq. yards. 
Inches X 0.00001578 = miles. Cu. inches X 0.00058 = Cu. feet. 


Cu. inches X 0.0000214 = Cu. yards, 


Feet X 0.3334 = yards. Sq. feet xX 144 = Sq. inches. 
Feet X 0.00019 = miles. Sq. feet x o.r1rz2 = Sq. yards. 
Yards X 36 = inches. Cu. feet X 1728 = Cu. inches. 
Yards X32 = feet. Cu. feet x 0.03704 = Cu. yards. 
Yards X 0.0005681 = miles. Sq. yards X 1296 = Sq. inches. 
Miles X 63360 = inches. Sq. yards X ° = Sq. feet. 
Miles X 5280 = feet. Cu. yards X 46656 = Cu. inches. 
Miles X 1760 = yards. Cu. yards X 27 = Cu. feet. 
Avoir. 0z. X 0.0625 = pounds. Avoir. lbs. X 0.0005 = tons. 
Avoir. 0z. X 0.00003125 = tons. Avoir. tons XX 32000 = ounces. 
Avoir. lbs. X 16 = ounces. Avoir. tons X 2000 = pounds. 


THE METRIC SYSTEM 


The Metric System is based on the Meter which was designed to be one ten- 
millionth (¢oos000) part of the earth’s meridian quadrant, through Dunkirk and 
Formentera. Later investigations, however, have shown that the Meter exceeds one 
ten-millionth part by almost one part in 6400. The value of the Meter, as authorized 
by the U. S. Government, is 39.37 inches. ‘The Metric system was legalized by the 
U. S. Government in 1866. 

The three principal units are the Meter, the unit of length, the liter, the unit of 
capacity, and the gram, the unit of weight. Multiples of these are obtained by pre- 
fixing the Greek words: deka (10), hekto (100), and kilo (tooo). Divisions are 
obtained by prefixing the Latin words: deci (;4y), centi (74y), and milli (ygyp). Abbre- 
viations of the multiples begin with a capital letter, and of the divisions wth a small 
letter, as in the following tables: 


MEASURES OF LENGTH 


10 millimeters (mm) 1 centimeter .......... nie acnus en cm. 
TO) Centiieters. cs <5 veut ie amiss cae= 2D ecmieter” 5 5 <b mene tenes 40 ale dm. 
TOME CINCHESh. a. cairns ace eesctere FEE NORE ay 55 coy co ie elem Ee Oe m. 
FO TCLS is Dk vata eek ete etna ree oth CERWAPGE: in'c'5 80 olf COTES. > wl'e Dm, 
So Vek arneters ion neice ce oxida ns = y hektometer “7 Wapiti. sno e Hm. 
ro hektometers ........- OR SANE Aer oy in och x kiigetee” |, 2595 leeowhe «venice Km. 


MEASURES OF SURFACE (NoT LAND) 


1oo square millimeters (mm?) ......... = 1 square centimeter ............ cm?. 
roo square centimeters ..............- = x square decimeter ............. dm?. 
roo square decimetars .........00005. = Y Square meter ....05..secceeccess m?. 


MEASURES OF VOLUME 


1000 cubic millimeters (mm#) ......... = x cubic centimeter .....165....+: cm, 
1000 cubic centimeters ...............™ 1 cubic decimeter ........ Serecre. dm’. 
zo0o cubic decimeters .....-..2+-5+5.- I Cubic meter ...cccesssereees ss MM 


CONVERSION TABLES 


MEASURES 


ro milliliters (ml) 
ro centiliters 
ro deciliters 
1o liters 
ro dekaliters . 
ro hektoliters 


OF CAPACITY 


= 1 centiliter 
x deciliter 

1 liter 

t dekaliter 
1 hektoliter 
t kiloliter 


Norn. — The liter is equal to the volume occupied by rx cubic decimeter. 


MEASURES OF WEIGHT 


ro milligrams (mg) 
ro centigrams 
10 decigrams 
10 grams 
io dekagrams 

10 hektograms. 
1000 kilograms 


I centigram 
1 decigram 
I gram 
tr dekagram .... 
1 hektogram . 
x kilegram ... 
1 ton 


Nore. — The gram is the weight of one cubic centimeter of pure distilled water 
at a temperature of 39.2° F., the kilogram is the weight of 1 liter of water; the ton is 


the weight of 1 cubic meter of water. 


METRIC AND ENGLISH CONVERSION TABLE 


MEASURES 
{ 30-37 inches. 


1 meter = 4 3.28083 feet. 
1.0936 yds. 
1 centimeter = .3937 inch. 


03037 inch, or 
millimeter = L 

25 inch nearly. 
1 kilometer = 0.62137 mile. 


4 


MEASURES 


__ § 10.764 square feet. 
Be neler z { 1.196 square yds. 
I square centimeter = .155 Sq. In. 
square millimeter = .oo155 sq. in. 


H 


= 


or LENGTH 


1 foot = .3048 meter. 


2.54 centimeters. 


1 inch = 
ies millimeters. 


OF SURFACE 


1 square yard = .836 square meter. 

i square foot = .o929 squareemeter. 
6.452 sq. centimeters: 

645.2 sq. millimeters. 


I square in. = { 


MEASURES OF VOLUME AND CAPACITY 


35-314 cubic feet. 
1.308 cubic yards. 
264.2 gallons (231 
sist inch). 
. . _ §61.023 cubic in. 
cubic decimeter = { 10353 cubic ft. 
cubic centimeter = .o61 cubic inch. 
1 cubic decimeter. 
61.023 cubic inches. 
.0353 cubic foot. 
1.0567 quarts (U. S.) 
.2642 gallons (U. S.) 
2.202 Ibs. of water at 62°F. 


cubic meter 


H 


= 


» 


liter = 


H 


MEASURES 


gram = 15.432 grains. 
kilogram = 2.2046 pounds. 
-9842 ton of 2240 lbs. 
19.68 cwts. 
2204.6 Ibs. 


HH 


metric ton 


1 cubic yard = .7645 cubic meter. 
{ 02832 cubic meter. 
cubic ft. = ee cubic decimeters. 
28.317 liters. 
t cubic inch = 16.387 cubic centimeters. 
gallon (British) = 4.543 liters. 
1 gallon (U. S.) = 3.785 liters. 


38 


H 


or WEIGHT 


1 grain = .0648 grams. 
1 ounce avoirdupois = 28.35 grams. 
T pound = .4536 kilograms. 


1.016 metric tons 
t ton of 2240 Ibs. = | "7076 kilograms. 
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MISCELLANEOUS CONVERSION FACTORS 


1 kilogram per meter = .6720 pounds per foot. 
I gram per square millimeter = 1.422 pounds per square inch, 
1 kilogram per square meter = 0.2084 pounds per square foot. 
1 kilogram per cubic meter = .0624 pounds per cubic foot.” 
1 degree centigrade = 1.8 degrees Fahrenheit. 
1 pound per foot = 1.488 kilograms per meter. 
1 pound per square foot = 4.882 kilograms per square meter. 
1 pound per cubic foot = 16.02 kilograms per cubic meter. 
1 degree Fahrenheit = .5556 degrees centigrade. 
1 Calorie (French Thermal Unit) = 3.968 B. T. U. (British Thermal Unit). 
__ § 33,000 foot pounds per minute. 
1 Horse Power = ica Watts. 
.00134 Horse Power. 


x Watt (Unit of Electrical Power) = en foot pounds per minute 


x 1ooo Watts. 
1 Kilowatt = { 1.34 Horse Power. 
44240 foot pounds per minute. 


DECIMAL EQUIVALENTS OF FRACTIONS OF MILLIMETERS. (AD- 
VANCING BY $5 MM.) 


mm. Inches mm. Inches mm. Inches mm. Inches 
thy = .00039 af, == .01024 Poy = .02008 ify = 02992 
Yoo = 00079 | yoo = 01063 | you = 02047 | qo'g = 03032 
Too = 00118 | yog.= -O1102 Teo = 02087 | zoo = .03071 
Too = 00157 | roo = 01142 Pies = .02126 | zy = .031I0 
té5 = 00197 | Po = 01181 roo = .02165 0 = 03150 
tex = .00236 | x5 = .01220 yoy = .02205 Tey = .03189 
réa = 00276 | 745 = -01260 Yoo = 02244 tivo = .03228 
Too = 00315 | a5 = -01299 Too = 02283 To's = 03268 
100 = 00354 | qos = ©1339 | roo = 02323 | tio = 03307 
pes = 00394 | poy = -01378 pfs = 02362 foo = -©3346 
You = 00433 | Yoo = 01417 | ols = 02402 | qhy'y = .03386 
pos = 00472 | zoo = .01457 Tee = 02441 Too = .03425 
109 = .00512 100 = .01496 | roo = 02480 | yoo = 03465 
Yor = 00551 | yoo = 01535 | roy = 02520 | Too = 03504 
Too = 00591 | aoe = -01575 | sou = ©2559 | rue = -03543 
Yo = .00630 19 = 01614 | ys = 02508 | ron = .03583 
Too = pie. Ta = 01654 i = pee A = yee 
100 — * Tuo — -O1093 06 — :02077 og = -03001 
195 = 00748 Woo = 01732 | roo = 02717 oo = 03701 
Yoo = 00787 | yo'g = 01772 | roo = 02756 | woo = 03740 
Yoo = .00827 | yop = 01811 tos = .02795 | tay = 03780 
roo = 00866 a0 = .01850 ay = .02835 Yoo = 03819 
Yoo = -00906 og = 01890 tao = 02874 Yoo = 03858 
Tere -20045 | tee = s0Tg29" |) aah aoe S| Dore ste seee 
Yoo = 00984 | yg = 01969 | yoo = 02953 I = 03937 


DECIMAL EQUIVALENTS OF MILLIMETERS, 477 


DecimAL EQUIVALENTS OF MILLIMETERS AND FRACTIONS OF MIL- 
LIMETERS. (ADVANCING BY +5 MM. AND I MM.) 


mm. Inches mm. Inches | mm. Inches mm. Inches 
40 = .03150| 31 = 1.22047 7I = 2.79527 

sy = .00079 44 = .03228| 32 = 1.25984 2 = 2.83464 
$5 = OONST 42 = .03307| 33 = 1.20921 73 = 2.87401 
5 = 00236 438 = 03386] 34 = 1.33858 74 = 2.91338 
#0 = 00315 | $5 = 03405] 35 = 1-37795 | 75 = 2.95275 
vo = .00394 $3 = .03543| 36 = 1.41732 76 = 2.99212 
Bo = 00472 | $5 = .03622| 37 = 1-45609 | 77 = 3.03149 
sig = 00551 47 = .03701| 38 = 1.49606 78 = 3.07086 
Bo = .00630 30 = 03780] 39 = 1.53543 79 = 3.11023 
vo = .00709 $2 = 03858] 40 = 1.57480 80 = 3.14960 
42 = .00787 ~ = 1039037) 41 = 1.61417 8x = 3.18897 
41 = .00866 | 2 = .07874] 42 = 1.65354 82 = 3.22834 
42 = .00945 3p = eet ony 243) — 00201 83 = 3.26771 
#2 = 1024 | 4 = .15748| 44 = 1.73228 | 84 = 3.30708 
44 = orro2 | 5 = .19685] 45 = 1.77105 85 = 3.34645 
15 = o1ri8r 6 ~= 22622: 46 = 1.81102 86 = 3.38582 
45 = o1260 | 7 = .27559] 47 = 1.85039 87 = 3.42519 
1% = 01339 | 8 = 31496] 48 = 1.88976 | 88 = 3.46456 
43 = .01417 9 = .35433| 49 = 1.92913 89 = 3.50393 
4% = 01496 | 10 = .39370| 50 = 1.96850 9° = 3.54330 
$5 = 01575 |Il = 43307] Si = 2.00787 QI = 3.58267 
4h = 01054 | 12 = 47244 2 = 2.04724 92 = 3.62204 
$2 = 01732 |13 = 51181] 53 = 2.08661 93 = 3.66141 
$3 = or8ir | 14 = .55118] 54 = 2.12598 94 = 3.70078 
$5 = 01890 |} 15 = 59055} 55 = 2.16535 | 95 = 3.74015 
25> = 1969 |16 = .62992] 56 = 2.20472 96 = 3.77952 
$o = 02047 |17 = .66929] 57 = 2.24409 | 07 = 3.81889 
#4 = 02126 |18 = .70866] 58 = 2.28346 98 = 3.85826 
4% = 02205 | 19 -= .74803|] 59 = 2.32283 99 = 3.89763 
$p = 02283 | 20 = .78740] 60 = 2.36220 | 100 = 3.93700 
$9 = (02362 |2t = .82677| 61 = 2.40157 

$4 = .o244r | 22 = .86614| 62 = 2.44094 ee 

$2 = 02520 | 23 = .90551| 63 = 2.48031 odie 

85 = .025098 | 2 = .94488 | 64 = 2.51968 Sean 

3o = .02077 |25 = .98425| 65 = 2.55905 SOAS 
$5 = 02756 | 26 = 1.02362] 66 = 2.59842 ESS 
85 = 02835 |27 = 1.06299] 67 = 2.63779 fou d 

$7 = 02913 | 28 = 1.10236] 68 = 2.67716 ants 

$5 = 02992 | 29 = 1I.F4173| 69 = 2.71653 8 gE ¢ 

$$ = 03071 | 30 = 1.18110] 70 = 2.75590 Hoe 
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o'gog | b*909 | g*tog | z-Log | L-109 | 1-009 | $+g6S | 6'g6S | E-S6S | L°L6S | 1°zOS | S068 | o-GgS | FLgs 
grzgS | of1gS | H6LS | gLLS | E-gLS | LHLS | r°ELS | SLE | G69 | £-g9S | L-gQS | 1°SgS | g°fQS | ozo 

Zz LSS | g°SSS | obSS | t-zSS | GOSS | C-6hS | L-LeS | robs | SpbhS | OzhS | E-1hS | LES | z-gES | g-gES 
GIES | zoFS | grgzS | odzS | SSzS | GEcS | rezS | LeozS | r-GrS | S-Lx8 | OS1S | E-prS | gers | c-rxrf 
90S | g-toS | z-£oS | g:10$ | 1-008 | S-g6F | G-g6F | E°S6r | L-LGb | 1-zOb | S-O6h | Oger | PLgh | gSgh 
o1gh | tOlh |g Llp | colby | Llp | rely | S1Lh | 6-6or | £-gor | L-goF | 1°SoF | SEgh | o-zgh | Foor 
OSSb | obSh | tzSb | gost | S 6th | Llbb | robb | Sth | Ocbh | Srbh | Lt | rgth | got | o Sb 
zokh | ggzt | oler | tScb | GEeb | Sze | Loch | v6rb | SLrb | OSrb | Ebrh | L-zrt | c11t | 9-6oh 
gtot | z ot | grrot | croot | S-Q6F | 6:gGE | SOE | L-E6E | r°zOHE | S-06E | Ogg’ | E-Lge | grSge | eh 
POLE | QLLE | zoLE | gtLE | ELE | ILE | GOOF | SgoE | L-goF | r°SgF | S-EOL | G19 | P-ogF | g'gse 
obSE | pzSE | goSE | z:GbE | L-LhE | r-gbE | SHHE | GrcbE | E-1l | LOSE | -gSE | SOLE | o SEE | HELE 
grgzE |orLzl | tSzE | geez | E-ezF | L-ozt | Ox | S218 | GSE | Spr | L-zr€ |x -11€ | g:G0€ | o-gok 
Zz £OF | g Tok | or00€ | t-g6z | 6rg6z | °S6z | L°€6z | 1°z6z | S-06z | O-gge | E-Lge | L-Sgz | etgz | gr-zgz 
gllz|eolz | otic | rPlz | S1Lz | 6-692 | £-ggz | L-g9z | rSgz | SEgz | 6-192 | bogz | grgSe | else 
b2Sz | goSz | z6be | ble | robe | Stbz | Ozh | E-xrbz | L682 | rgkz | Sotz | oStz | tet | git 
olez| Sez | gfez | Szzz | Looe | 1612 | SLrz | OSrz | &bi1z | L-c1z | 1112 | 9-602 | o-goz | H-g0z 


gr i0z | orooz | #g61 | 6-g6x | S-S6x | L£6r | 1°z6r | S-06r | O-ggr | E-Lgr | L-Sgr | aber | grzgi | o1gT 
zgLxr | orblt | ofLr | SrLr | 66or | Egor | L997 | 1°Sgr | S-Egr | 6191 | C-ogr | gegsr | eLS1 | o°SSr 
gost | z-6br | gLbr | robr | Stbr | Ocbr | Orbs | L-OEr | i-glr | Soft | Ober | peer | g1€r | coft 
p Sex| g fer | eeer | Locr | 1-611 | SL | OSr1 | Shr | L-z1z | rx11 | $-6or | o-gor | gor | g' vor 
oroor | #96 | 9°96 | z°S6 | L:86 |1z6 |S:06 | 6gg | f-Lg | LSg. | 1g | Szg Jorg | OL 

orl |ofL |r1L |e69 |8g9q | b-99 | Sq | Sto | Or 
z6y |ole joor |trh |Gcr |b | L6E |1gt | So 
eba Voee \oroe )re6r \ Slr /OSr | fpr | Aor | xr 


St ze a t ot 5 St § ae. i *} t as i 
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—~DecimaL EQuivaALents or Fractions oF AN IncH. (ADVANCING 
BY STHS, 16THS, 32NDS AND 64THS.) 


8ths 3ends 64ths 64ths 
; eS 3x = .03125 gig = 015625 ae = 515625 
$ = .250 ge = 09375 | gx = 040875 | &F = -546875 
$ = 375 gz = 15625 | ge = 078125 | 4 = .578125 
% = .500 gs = 21875 | sz = -109375 | 82 = -609375 
g = .625 gy = .28125 ey = 140625 #4 = .640625 
Dai O $4 = 34375 | 424 = 171875 | #¢ = .671875 
§ = 875 43 = .40625 $e = -203125 $% = -703125 

ae 33 = 46875 $t = -234375 | $£ = -734375 

at Se 
ts = 0625 | 44 = 53125 | tf = 265625 | $2 = .765625 
vs = 1875 | 43 = 59375 | gt = 290875 | 34 = -790875 
a5 = +3125 4h = .65625 $i = 328125 Si = 828125 
qs = -4375 | 33 = -71875 | $$ = 359375 | @¢ = 859375 
as = 5625 43 = .78125 84 = «390025 bf = 890625 
44 = 6875 | 44 = 84375 | 4 = 421875 | oe = 921875 
4$ = 8125 | $2 = 90025 | SF = 453125 | ge = 953125 
43 = 9375 | 34 = 96875 | $4 = 484375 | ve = 984375 


_ DEcIMAL EQUIVALENTS OF FRACTIONS OF AN INcH. (ADVANCING 


BY 64THS.) 
ge = 015625 | 4% = .265625 = 515625 | 42 = .765625 
gy = .03125 gy = .28125 = 53125 = .78125 
be = 046875 | 44 = -290875 = 540875 | $4 = -796875 
qs = .0625 as = 3125 = .5625 4g = 8125 
gz = 078125 | 34 = .328125 Sf = .578125 $3 = 828125 
ye Seeog7s | 44 = 34375) |e = $9375 | ee = 84875 
Bz = -109375 |. 44 = -359375 | bt = -609375 | &% = 850375 
g = -125 252375 § = 625 $= 875 
ez = 140625 | 2% = .390625 41 = .640625 Rf = 890625 
sy = 15625 $3 = 40625 4 = .65625 23 = .90625 
$4 = 171875 | 44 = 421875 | $3 = 671875 | ¥o = 921875 
ts = -1875 Te = -4375 Ts = -6875 +8 = 9375 
4 = 203125 | 3$ = 453125 | fF = -703125 | $2 = 953125 
gz = -21875 | 43 = -40875 $3 = .71875 42 = 96875 
33 = .234375 | & = 484375 | #4 = -734375 | 8% = 984375 
ee 4 = 50 7S 
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DECIMAL EQUIVALENTS OF FRACTIONS BELOW }$” 


Fractional Parts of an Inch 


Decimal Decimal 
Equivalents Equivalents 
6 7 8 | 12] 14] 16 | 24] 28 | 32 | 64 
-015625 I .015625 
203125 I 2 103125 
sO35714 I +O35714 
.041667 I .041067 
.046875 3 .046875 

.0625 I 2 4 0625 
071420 I 2 071429 
.078125 5 .078125 
083333 I 2 083333 
00375 3 | 6 09375 
-107143 3 +107143 
+100375 7 -109375 
-125 I 2 3 4|8 +125 
.140625 9 -140625 
-142857 I 2 4 -142857 
+15625 5 | 10 -15625 
-166666 I 2 4 -166666 
171875 11 171875 
-178571 5 -178571 
1875 3 6 | 12 A875 
203125 13 +203125 
-208333 5 +208333 
~214286 3 6 +214286 
21875 7 | 14 -21875 
-234375 15 -234375 
25 a als 4) 6) | 8 re -25 
.205625 17 265625 
.28125 9 | 18 ~28125 
-285714 2 4 8 ~285714 
-291666 7 -291666 
-206875 19 -296875 
+3125 5 10 | 20 «3125 
+321420 rn) «321420 
2328125 ar +328125 
-333333 2 4 8 +333333 
34375 II | 22 +34375 
+357143 5 10 +357143 
-350375 23 +350375 
+375 3 6} 9 12 | 24 +375 
+300625 25 390625 
+392857 rr -302857 
-40625 . 13 | 26 -40625 
-41666 5 10 -41666 
421875 27 -421875 
428571 3 6 12 -428571 
4375 7 14 | 28 “4375 
“453125 29 453125 
+458333 : Ir -458333 
464286 13 -464286 
-46875 15 | 30 -40875 
484375 31 -484375 


5 3 41-6) > | BA xa.) ee 6g 5 
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DECIMAL EQUIVALENTS OF FRACTIONS BETWEEN }” AND 1” 
Fractional Parts of an Inch 
Decimal = Decimal 
Equivalents Equivalents 
7 8 | 12 | 14 | 16 | 24] 28] 32] 64 
+515625 33 +515025 
-53125 17 | 34 “53125 
“535714 15 +535714 
-541666 13 +5 41666 
-540875 35 +540875 
+5625 9 18 | 36 +5625 
+571429 4 8 16 +571429 
578125 Ks “578125 
583333 7 14 +583333 
59375 19 | 38 +59375 
607143 17 607143 
609375 39 600375 
625 5 Io | 15 20 | 40 .625 
-640625 41 -640625 
.642867 9 18 -642867 
-65625 21 | 42 -65625 
-666666 8 16 -666666 
671875 43 671875 
-678571 19 -678571 
-6875 Ir 22 | 44 -6875 
+703125 45 +703125 
-708333 17 -708333 
-714286 5 Bo} 20 «714286 
71875 23 | 46 -71875 
-734375 47 -734375 
75 CP) (is) 12 | 18] 21 | 24) 48 75 
1765625 49 +705625 
-78125 25 | 50 -78125 
-785714 Ir 22 -785714 
791066 19 701606 
-796875 5I 796875 
8125 13 26 | 52 8125 
821429 23 821429 
828125 53 828125 
833333 10 20 833333 
4375 27 | 54 84375 
857143 6 12 24 857143 
850375 55 850375 
75 7 r4 | 25 28 | 56 875 
890625 57 890625 
892857 25 8092857 
90625 29 | 58 90625 
916666 Ir 22 916666 
921875 590 021875 
-028571 13 26 928571 
-9375 15 30 | 60 9375 
953125 61 053125 
958333 23 958333 
964286 27 964286 
06875 3I | 62 96875 
984375 63 984375 


482 GENERAL REFERENCE TABLES 
DecmaAL EQUIVALENTS OF FRACTIONS AND NEAREST EQUIVALENT 
64THS 
Near- Near- a 
Fr. Decimal est. Fe. Decimal an Fr. Decimal ay 
64th 64th 64th 
py 0.0313 
ar | 2.0323 5 | 0.1333 | + | a | 0.2503 
xo 0.0333 oy 0.1364 a 0.2609 
29 9.0345 HP} a 0.1379 t pas 
as | 90-0357 $ 0.1429 | 15 0.2067 | 44 
tr | 0.0370 ay | 0.1481 1 | o 2092 
as 0.0385 Sy 0.1500 || IF 0.2727 
gs | 0.0400 rs | 0.1538 = ee 
ty | 0.0417 Bz_| 01503 | yx | US | 2277 
as 0.0435 fs | 0.1579 iA in ? 
gr | 90-0455 as 0.1600 ui; ” 2 
a3 0.0476 | ey er | 2-1613 ; 0.2857 
5 | 0.0500 ‘1 r | 0.2 
ts | 0.0526 5 oe 1 aa aoe 
| as 0.1724 At Ey -2917 
ts | 2.0556 ws | 0.2739 Pr | 0.294% 
a 0.0589 in tr oes gr | 0.2903 | 3% 
ys_}| 0.0625 ay 0.1785 16 0.3000 
ar ae sa pie a as O-3043 Ole 2 
0.066 1852 ; 0.30 
% [ects Be Suen ae Bigice 
tz | 0.0714 zr | 0.1905 _ts_| 0.3125 | 5 
¥ | 0.0740 28 0.1923 Ys | 0.3158 
ay phe vx | sr | 91935 dy | 0.3182 
at me Hy 0.2000 aed a5 0.3200 
1 0533 a's 0.2069 5 0.3214 
zs | 0.0870 3x | 0.2083 $f~ | 0.3226 | # 
tr pet Me Mes 4 | 0.3333 
—iz_}| 2-993 32 | S | 0.2143 +} 0.3438 | $4 
ar 0.0952 as 0.2174 4 0.3448 
a ieee yz_| 0.2188 | 3% Ps | 0.3462 
Ie : ee Ek (PE 0.2222 as | 0.3478 
i 0.1034 st 0.2258 to 0.3500 
5 | 1053 gz | 0.2273 ty | 0.3520 | 
4 ED ee RE BN it | 0.3548 
gE Saree $ a 0.2333 | 8% " 0.3571 4 
3 ; 0.2353 5 | 0.3000 
Yr | 0.1176 } 228 ; 
fs | 0.1200:} 3 5 a i ee 
‘ 25 24 t 0.3667 wd 
} 0.1250 | 4 gis | 0-2414 Y; | 0.3684 
vr | 0.1290 %_| 0.2500 | ¢ | 42 | 0.3704 
Fy | 0.1304 ¥r | 0.2580 % | 0.3750 | $ 
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-DECIMAL EQUIVALENTS OF FRACTIONS AND NEAREST EQUIVALENT 


64THS 
= Near- Near- Near- 
Fr. Decimal a Fr. Decimal oe Fr. Decimal est 
4t 4t 64th 
oa | 0:3793 | & | eh | O:5n0r [ee | at | 016206 | 
zr | 0.3810 24 0.5172 12 0.6316 
floes] E] cei | | | oeus | 
a1 | 03071 ae ; rr | 0.6364 
qs | 0.3889 33 | 9.5217 42 | 0.6400 | 42 
zs | 0.3913 | $$ | ar | 0.5238 tz | 0.6420 
4% | 0.3929 19 0.5203 $1 | 0.6452 
2 0.52 32 0.6. 
2 0.4000 tA 5294 I7 OAL Cae 
HE | 0.4063 | 4$ |b | 95313 | 1 | 48 | 0.6500 
44 | 0.4074 15 0.5333 $2 | 0.6522 
zz | 0.4091 38 | 20-5357 it 0.6538 
a lcordtrs zie | 0.5385 39 | 0.6552 ; 
12 18 | o.sar7 33 | 0.6563 | 32 
32 | 0.4138 24 54 A 
pz | 0.4167 Tr | 05455 | 8& | & | 90.6667 | 8% 
+t | 0.4104 eb c:bae4 #1 | 0.6774 
a; | ©.42rr | 43 Pa 9.5500 42 >| «(0.6786 
He} o4gagx |. | #8 | 05517 || 42 | 0.6800 
3 0.4286 3B 0.5556 43 0.6818 
48 | 0.4333 3% | 0.5600 43 | 0.6842 
io ae 0.5625 2. iA 68 11 
23.) 0.4348 bee WS 16 Tt 0.0875 16 
rs_| 04375 | rs | 3$ | 25652 3% | 0.0807 
42° | 0.4400 46 | 0.5667 wz | 0.6923 
§ | 0.4444 Ae 44 | 0.6957 
38 0.4483 48 | 0-5 Lees 4 Ty | 90-7000 
z5 | 0.4500 ae limos goetone 3% | 0.7037 | 82 
$$ | 0.4516 | f | 32 0.5806 1% | 0.7050 
Tr | 0.4545 Tz | 05833 44 | 0.7083 
44 | 0.4583 2G | 0.5862 | 3% | 0.7097 
ys | 0.4615 tf 0.5882 g 0.7143 
48 | 0.4642 22 9.5909 33 0.7188 | $$ 
t's | 0.4667 4 o5820 10 | 32. | 0.7200 
$3 | 0.4688 | 3 |ae| 05038 | 32 | 48 | o.7220 
Tr | 0.4706 § | 0.6000 $4 | 0.7241 
ts | 0.4737 34 | 0.6071 #, | 0.7273 
10 14 0.608 go 19 » 
$¢ | 0.4762 Bs 7 o£ DG 0.7308 
34 | 0.4783 Na oe 44 | 0.7333 | 44 
42 | -0.4800 aT 0.6129 14 | 0.7368 
BE | 0.4815 cf eck GM Uae bs on (a 
1 | 0.4828 | $4 | df | 0.6100 # | 0.7407 
42 | 0.4839 48 0.6207 38 0.7419 
4 0.5000 4 3 0.6250 § ce 0.7500 $ 


j 
| 
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DECIMAL EQUIVALENTS oF FRACTIONS AND NEAREST EQUIVALENT 


64THS 
Near- 2 
Fr. Decimal se Fr. Decimal ar Fr. Decimal 
64th 64th | 
$3 | 0:7586 #¢ | 0.8387 14 | 0.9167 
i 0.7600 $4 | 0.8400 38 0.9200 
$¢ | 0.76109 ; ts | o.84ar i$ 0.9231 
ti | 0.7647 | [LSE | 0.8438 | #4 || $2 | 0.0250 
$8 | 0.7667 12 | 0.8462 # 0.9286 
Ts | 0.7692 4% | 0.8500 |__| 4 0.9310 
4 | 0.7727 |__|} #8 | 0.8519 18 | 0.9333 
i | 0.7742 $ | o8571 | $4 if 9.9355 
ae 9.777 } 38 0.8621 Lit} 99375 
32 | 0.7813 $3 || 4% | 0.8636 t# | 0.9412 
+3 | 0.7826 t3 | 0.8667 th 0.9444 
Tk | 0.7857 33 | 0.8696 i | 0.0474 
ts | 0.7895 ff | 0.8710 25 | 0.9500 
3% | 0.7917 $ | 08750 | % at | 0.9524 
#5 | 0.7931 | $2 | FE] 0.8800 gx | 0.0545 
4 | 0.8000 13 | 0.8824 44 | 0.9565 
#} | 0.8065 | 48 | 0.8846 [——]| 4% | 9.9583 
3% | 0.8077 S | 0.8880 35 | 0.9600 
zt | 0.8095 33 | 0.8929 81 a6 Agee 
té_| 08125 | 38 | 37 | 68047 $4 | 0.9630 
“FE | 0.8148 $5 | 0.8966 as 0.9643 
fr | 0.8182 ty | 0.9000 |-—— rf Sea 
33 0.8214 ## 0.9032 HH ue fl 
qi 0.8235 ea 0.9048 1 eek 
43 | 0.8261 $3 0.9063 z $2 0.9 
24 | 0.8276 | $8 || 42 | o.9001 7 || $8 | 1.0000 
3 0.8334 54 | 0.9130 


8 


$4 
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» prime numbers for both numerator and denominator. 


PRIME NUMBER FRACTIONS 


TABLE OF PRIME-NUMBER FRACTIONS 
Tue table shows decimal equivalents of common fractions having 


suppose it is required to find the thread angle of a worm. 
number threads 


Tangent thread angle = 


diametral pitch X pitch diameter 


485 


As an example, 


Find the angle of a worm 7 diametral pitch, 5 threads, 2-inch 
P. diameter: 


Then from table 


which is the tangent for 19 degrees 39 minutes. 


i 
7 


Tangent angle = 3 


0.7143 and 


0.7143 


7 


2 


Xo 


0.35715 


~ Prime NuMBER FRACTIONS AND THEIR DecimaL EQuIivALENTs 


Denominators (Prime Numbers Only) 


Numerators (Prime Numbers only) 
w 
a 


97 


89 


83 


67 


0103. 
+0309 . 
!.0562 
.0787 
.1236 
-1461 


.O515 
.0722 
1134 
1340 


-1753}- 
2135 
-2584 
.3258 
+3483 
-4157 
.4607 
4831 
-5281 
“5955 
‘6629 
-6854 
+7528 


+1959 
-2371 
.2990 
«3196 
3814 
4227 
-4433 
-4845 
+5404 
6082 


.6289' 


.6907 


+7320) 


.7526 
8144 
8557 
-O175 


O12 
0337 


Igo 


7978 


-8202 
-8876 
9320 


-Q104 


-O140| - 
.0448} . 
-0746] . 
-1045| . 
-1642] . 
+1940} . 
+2537) - 
| 2836] . 
3433] - 
+4328] . 
-4627| . 
+5522. 
-6119] . 
.6418] . 
-7OIS| . 
+7910} «. 
-8806) . 


Denominators 


(Prime Numbers Only) 


4 


37 


Br 


19 


23 


19 


17 


13 


It 7 5 


3 


Numerators (Prime 
Numbers only) 
OwOOnNWHNIUNW 


WANN RH H 
SDH 


0244 
.0732 
1220 
1707 
-2683 
3171 
.4146 
4634 
.5610 
-7O73 


-7561|. 


9024 


+5270 
-O811 
-1351 
-1892 
+2073 
“3514 
4595 
“5135 
.6212 
-7838 


8778 


10323 
.0968 
-1613 
.2258 
3058 
-4194 
+5484 
-6129 
+7419 
9355 


-9345 
-1034) 
1724) 
+2414! 
+3793 
-4483 
.5862 
-6552 
-7931 


+0435 
.1304 
«2174 
-3043 
4783 
+5652 
+7391 
.8261 


-0526 
+1579 
-2632 
-3684 
+5780 
-6842 
-8947 


.0588 
-1765 
+2041 
4118 
.6471 
-7647 


-0760 
-2308 
3846 
5385 
.8462 


.0909| .1429| .2000 
.2727| .4286| .6000 
4545) -7143 

-6364 


3333 


Only those common fractions having prime 
numbers for both the numerator and denom- 
inator are given in table. Others can be found 


by simple multiplication or division. 


EQUIVALENTS OF INCHES AND FRACTIONS OF INCHES IN DECIMALS 
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or A Foor 

Tn. o In. 1 In. 2 In. 3 In. 4 In. 5 In. 
0833 1667 +2500 13333 4167 

gz|  .0026 0859 1693 2520 3359 4193 
qs|  .0052 0885 1719 +2552 3385 .4219 
¥z| 0078 O9II , +1745 2578 3411 4245 
4] .o104 0938 75 2604 3438 4271 
$z| 0130 0964 1797 2630 3404 4297 
7 0156 £0990 1823 2656 3490 4323 
g2z| .o182 -1016 1849 .2082 +3516 4349 
4] .0208 1042 1875 .2708 3542 4375 
$o| 0234 -1068 sI1QOL 2734 +3508 4401 
zs| 0260 -1094 1927 2760 3594 4427 
44] .0286 1120 1953 2786 3620 4453 
| 0373 1146 1979 2813 3646 4479 
$3|  .0339 1172 2005 2839 3672 +4505 
qs] .0365 1198 2031 +2865 3608 4531 
438| 0391 1224 2057 2891 +3724 4557 
4] 0417 1253 .2083 2917 3750 4583 
$4] 0443 +1276 +2091 2943 -3776 -4609 
zs| 0469 1302 2135 -2969 .3802 4635 
$3|  .0495 1328 2161 +2995" 3828 4001 
R | .o521 1354 2188 3021 +3854 4688 
$4| 0547 1380 2214 +3047 3880 4714 
$3) 0573 -1406 +2240 3073 +3906 4740 
$2] -0599 +1432 +2266 +3099 +3932 4706 
3] .0625 1458 2292 3125 3958 4792 
{i 0651 1484 -2318- 3151 +3984 4818 
| .0677 +1510 22344 3177 +4010 4844 
$4| 0703 1536 +2370 +3203 4036 4870 
$| .0729 1563 2396 3229 4063 48096 
$3) 0755 Ad 2422 +3255 4089 4922 
48| 0781 1615 2448 3281 4115 4948 
$4| .0807 +1641 +2474 3307 4141 4974 
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__ EQUIVALENTS OF INCHES AND FRACTIONS OF INCHES IN DECIMALS 


or A Foor 

Tn. 6 In. 7 In. 8 In. 9 In. to In. rr In. 

-5000 5833 -6667 +7500 8333 9167 
32 +5026 5859 6693 -7520 8359 9193 
~e| 5052 5885 6719 7552 8385 9219 
go| 5078 5QII 6745 7578 8411 9245 
4] 5104 5938 6771 -7604 8438 9271 
5 
a2) +5130 +5904 0797 -7030 8464 9207 
Ts| +5156 5990 6823 7056 8490 9323 
3az| 5182 0016 -6849 -7082 8516 9349 
4] 5208 6042 6875 7708 8542 9375 
s5| 5234 6068 6901 7734 8568 9401 
zs| +5200 6094 6927 -7700 8504 0427 
43/5286 .6120 6953 7786 8620 9453 
§| +5313 .6146 6979 7813 8646 9479 
$2} +5339 6172 +7005 7839 | 8672 9505 
15 +5305 6198 +7031 +7805 8698 9531 
$2) 5392 16224 +7957 +7891 8724 9557 
| 5417 6250 7083 7917 8750 9583 
a4) +5443 6276 +7109 7943 8776 9609 
15 5469 6302 7135 -7969 8802 9635 
45| 5495 6328 +7101 “7995 8828 9601 
8] 5521 6354 -7188 8021 8854 .9 688 
$4 5547 6380 7214 8047 .8880 714 
thls .5573 6406 +7240 8073 8906 9740 
$2) 5599 16432 -7206 8099 8932 9766 
Z| 5625 6458 7292 8125 8958 9792 
$h\o 565 6484 7318 S151 8984 9818 
té| 5677 .05 10 “7344 3177 -goro 9844 
B4| + 5703 6530 -7370 8203 9036 .9870 
4 5729 6563 -7396 822 .9063 .9896 
$2) 5755 6589 7422 8255 .g089 9922 
48] «5781 6615 7448 8281 OTIS .9948 
$4| 5807 6641 7474 8307 -QI41 9974 
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SQUARES OF NUMBERS 
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GENERAL REFERENCE TABLES 


DECIMAL EQUIVALENTS, SQUARES, SQUARE Roots, CUBES AND CUBE 
Roots OF FRACTIONS; CIRCUMFERENCES AND AREAS OF CIR- 
CLES FROM 7 TO I INCH 


Frac-| Dec. Sq. 
Nes Roni, Square Root 
sg | 015625} 000244 | .1250 
gx | 03125 | .0009765 | .1768 
ez | 046875 | .co2t97 | .2165 
ys | 0625 003906 | .2500 

Be | 078125] .co6to4 | .2795 
gx | 09375 | .008789 | .2062 
wr | -109375| 01196 | .3307 
% | .1250 | .01563 +3535 
er | 140625] .o1978 3750 
gy | -1§625 | .02441 3953 
44 | 171875] .02954 4101 
ts | -1875 03516 -4330 
44 | 203125] .04126 4507 
aq | 21875 | 04786 4077 
4 | -234375| 05493 | -484t 
4 | .2500 0625 +5000 
AF | 265625 | .07056 5154 
gy | 28125 | .o7910 +5303 
a} 296875 | .08813 5449 
7s | +3125 09766 5590 
4} | 328125 | .1077 5728 
$4 | -34375 | 1182 «5863 
4 | -359375| 12013 | -5995 

# | .3750 | .1406 6124 
#4 | .390625| .1526 6250 
$3 | 40625 | .1650 6374 
&4 | 421875 | .17800 -6495 
xs | -4375 | «1914 6614 
ti -453125| .2053 6732 
H 46875 | .2197 6847 
t | 484375 | 2346 £6960 
4 | 5000 | .2500 7071 


Cube 


.000003815 | . 


00003052 
000103 
0002442 


0004768 
.0008240 
001308 


001953 


002781 
0003815 
005078 
006592 


008381 
01047 
01287 
01562 


01874 
02225 
02616 
03052 


03533 
.04062 


04641 
05273 


05960 
0670 

o7se8 
08374 
109304 


1030 
1136 


+1250 


Circum.| Area 
Circle Circle 


04909] .000192 
09818) .000767 
+1473 |.001726 
+1963 |.003068 ~ 


12455|004704 
+2945 |.006903 
«3436 |.009396 
+3927 |.01228 


+4438 |.01553 


+4909 |.01916 
+5400 |.02321 
+5890 |.02761 


6381 |.03241 
6872 |.03758 
7 33 04314 
“7954 |:04909 


8345 |-.05541 
8836 |.06213 


9327 |.06922 
9817 |.07670 


1.031 |.08456 


1.080 |,09281 
1.129 |.1014 
1.178 |.1104 


1.227 |.1226 
1.276 |.1296 
1.325 |.1398 
1.374 |-1503 


1.424 |.1613 
1.473 |.1726 
14522 |.1843 
1.571 |.1963 


SQUARES, CUBES AND ROOTS 491 


DEcIMAL EQUIVALENTS, SQUARES, SQUARE Roots, CUBES, CUBE 
_ Roots oF FRACTIONS; CIRCUMFERENCES AND AREAS OF CIR- 
CLES FROM ;; TO I INCH. 


Frac-| Dec. Sa. Cube Cr i A 
tion | Equiv. | State | Root Cube Rect aicirciest masecls 
88 | .515625| .2659 | .718x 1371 | 8019 | 1.620 2088 

~ 47 | 53125 | -2822 7289 -1499 | .8099 | 1.669 22147 
42 | 540875] .2991 -7395 .1636 | .8178 | 1.718 .2340 
as | 5625 +3164 | .7500 1780 | .8255 | 1.767 2485 
4 578125 | .3342 | .7603 1932 | .8331 | 1.816 2625 
#3 | 50375 | 3525 |, -7706 | .2093 | 8405 | 1-865 | .2769 
32 | 609375] -3713 -7806 2263 8478 | 1.914 2916 
& | 6250 +3900 | .7906 2441 8550 | 1.963 3068 
41 | 640625} .4104 | 8004 -2620 8621 | 2.013 ee 
8 65625 | .4307 | .8ror .2826 | .8690 | 2.062 3382 
4¢ | 674875] .4514 | 8107 +3933 8758 | 2.111 +3545 
44 | 6875 4727 | .82092 3250 | .8826 | 2.160 3712 
43 | .703125| .4944 | .8385 3476 | .8892 | 2.209 -3883 
# -71875 | 51660 | .8478 3713 8958 | 2.258 +4057 
#4 | -734375| -5393 | -8569 | -3961 | .9022 | 2.307 | 4236 
= ‘| .7500 +5025 8660 -4219 | .go86 | 2.356 4418 
4% | .765625| .5862 | 8750 .4488 | .9148 | 2.405 .4604 
23 | .78125 | 6104 | .8839 4768 | .g210 | 2.454 4794 
8t -790875} .6350 | .8927 5060 | .g27I | 2.503 4987 
4% | 8125 .6602 | .9o14 5304 | .933I | 2-553 +5185 
$2 | .828125| .6858 | .g100 5679 | .9391 | 2.602 +5380 
34 84375 | 7119 | .g186 -6007 9449 | 2,051 5592 
84 | 850375| -7385 | -9270 | -6347 | .9507 | 2.700 | -580I 
% | 8750 | .7656| 9354 | -6699 | .9565 | 2.749 | .6013 
et 890625 | -7932 | -9437 .7064 | .962r | 2.798 6230 
3 90625 | 8213 9520 7443 9677 | 2.847 6450 
et 921875| 8499 | .gG6or -7835 | .9732 | 2.896 6075 
48 | .9375 8789 | .9682 8240 | .9787 | 2.945 6903 
Hi 953125 | 9084 | .9763 | 8659 | .984r | 2.904 | +7135 
34 | -96875 | .9385 | .9843 | .gogr | .9895 | 3.043 | -7371 
St | -984375| 9690 | .9922 | 9539 | -9948 | 3.093 | -76r10 
re I I I I I 3-1416 | .7854 


492 GENERAL REFERENCE TABLES 
Squares, CuBEs, SQUARE AND Cuse Roots or NUMBERS FROM 
I TO I000 
. 5 u a Sq. 
No. | Square | Cube Roe oes No. |Square| Cube nae oe 
I I I | 1,0000 Ry, 51 | 2601 132051 7.1414] 3.7084 
2 4 8 | 1.4142] 1.2509 52 | 2704 140608 | 7.211I| 3.7325 
3 9 27 | 1.7321| 1.4422 53 | 2809 148877 | 7.2801] 3.7563 
4 16 64 | 2.0000] 1.5874 || 54 | 2016 157404 | 7.3485] 3.7798 
5 25 125 | 2.2361} 1.7100 55 | 3025 166375 7.4162} 3.8030 
6 36 216 | 2.4495| 1.8171 56 | 3136 175616 | 7.4833) 3.8250 
7 49 343 | 2-6458) 1.9129 || 57 | 3249 185193 | 7.5408) 3.8485 
8) 64 512 | 2.8284! 2.0000 58 | 3364 195112 | 7.6158) 3.8709 
9 8r 729 | 3.0000) 2.0801 59 | 3481 205379 | 7-0811| 3.8930 
10 100 1000 | 3.1623) 2.1544 60 | 3600 21 7.7400) 3.0149 
It 121 1331 | 3.3166) 2.2240 || 6r | 3721 226981 | 7.8102) 3.9365 
12 144 1728 | 3.4641) 2.2894 62 | 3844 238328 | 7.8740] 3.0579 
13 | 169 2197 | 3.6056] 2.3513 || 63 | 3069 250047 | 7.0373) 3-07901 
14 190 2744 | 3-7417| 2.410% 64 | 4006 262144 | 8.0000] 4.0000 
15 225 3375 | 3-8730| 2.4662 65 | 4225 274625 | 8.0623) 4.0207 
16 256 4090 | 4.0000] 2.5198 60 | 4356 287496 | 8.1240) 4.0412 
17 | 289 4013 | 4.1231| 2.5713 || 67 | 4480 | 300763 | 8.1854) 4.0615 
15 324 5832 | 4.2426] 2.6207 68 | 4624 314432 | 8.2462] 4.0817 
19 361 6859 | 4.3589| 2.6684 69 | 4761 328509 | 8.3066] 4.1016 
20 400 4.4721] 2.7144 70 | 4900 343000 | 8.3666) 4.1213 
21 441 9261 | 4.5826] 2.7589 7I | 5041 357911 | 8.4261) 4.1408 
22 484 10648 | 4.6904! 2.8020 || 72 | 5184 373248 | 8.4853) 4.1602 
23 | 529 12167 | 4.7958] 2-8439 || 73 | 5329 | 380017 | 8.5440] 4.1793 
24 576 13824 | 4.8990} 2.8845 74 | 5476 405224 | 8.6023) 4.1083 
25 625 15625 | 5.0000} 2.9240 75 | 5625 421875 | 8.6603] 4.2172 
26 | 676 17576 | 5.0990| 2.9625 || 76 | 5776 438076 | 8.7178) 4.2358 
27| 720 19683 | 5.1962) 3.0000 || 77 | 5920 | 456533 | 8.7759) 4.2543 
28 784 21952 | 5.2015] 3.0366 78 | 6084 474552 | 8.8318] 4.2727 
29 841 24389 | 5.3852| 3.0723 79 | 6241 493039 | 8.8882) 4.2908 
30 | 900 27000 | 5.4772| 3-1072 || 80 | 6400 512000 | 8.9443] 4.30890 
31 961 29791 | 5.5678) 3.1414 81 | 6561 531441 | 9.0000] 4.3267 
32 | 1024 32768 | 5.6569] 3.1748 82 | 6724 551308 | 9.0554] 4.3445 
33 | 1089 35937 | 5-7446| 3.2075 || 83 | 6889 | 571787 | 9.1104) 4.3021 
34 | 1156 39304 | 5-8310| 3.2306 || 84 | 7056 592704 | 9.1652| 4.3795 
35 | 1225 42875 | 5.9161| 3.2711 85 | 7225 614125 | 9.2195] 4.3 
36 | 12906 40656 | 6.0000) 3.3019 86 | 7396 636056 | 9.27360] 4.4140 
37 | 1360 50653 | 6.0828! 3.3322 || 87 | 7569 658503 | 9.3276] 4.4310 
338 | 1444 54872 | 6.1644} 3.3620 || 88 | 7744 681472 | 9.3808] 4.4480 
39 | 1524 59319 | 6.2450) 3.3912 || 89 | 7921 704960 | 9.4340] 4.4047 
40 | 1600 64000 | 6.3246| 3.4200 go | 8100 729000 | 9.4868) 4.4814 
4t | 1681 6892 | 6.4031] 3.4482 |} or | 8281 753571 | 9.5394] 4.4979 
42 | 1764 74088 | 6.4807! 3.4760 || 92 | 8464 | 778688 | 9.5917) 4-5144 
43 | 1840 70507 | 6.5574} 3.5034 || 93 | 8649 | 804357 | 9.6437] 4.5307 
44 | 1036 85184 | 6.6332) 3.5303 || 94 | 8836 830584 | 9.6954] 4.5468 
45 | 2025 91125 | 6.7082) 3.5560 || 95 | 9025 | 857375 | 9.7468) 4.5629 
46 | 2116 07336 | 6.7823| 3.5830 |] 96 | 9216 | 884736 | 9.7980] 4.5789 
47 | 2209 103823 | 6.8557) 3. 97 | 9400 | 912673 | 9.8480) 4.5947 
48 | 2304 110592 | 6.9282) 3.6342 98 | 9604 941192 | 9.8995) 4.6104 
49 | 2401 117649 | 7-0000, 3.6593 || 99 | 9801 979299 | 9.0499] 4.6261 
50 f 2500 125000 | 7.071I| 3.6840 || 100 |10000 | 1000000 | 10,0000) 4.6416 
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- Squares, CusBEs, SQUARE AND CuBE Roots or NUMBERS FROM 


I TO 1000 
No.| Square] Cube nee iCube No.| Square} Cube Sa. Cube 


Root | Root 


Tor) roz0r | roz030r1| 10.0499| 4.6570 || 151] 2280r | 3442051] 12.2882] 5.3251 
102) 10404 | 1061208) 10.0995) 4.6723 || 152| 23104 | 3511808} 12.3288] 5.3308 
103) 10609 | 1092727! 10.1480] 4.6875 ||153} 23409 | 3581577] 12.3603] 5.3485 
104) 10816 | 1124864} 10.1980] 4.7027 || 154} 23716 | 3652264) 12.4097| 5.3601 
1os5| 11025 | 1157625! 10.2470] 4.7177 || 155] 24025 | 3723875] 12.4400] 5.3717 
106) 11236 | 1191016) 10.2956) 4.7326 || 156) 24336 | 3706416) 12.4900] 5.3832 
107| 11449 | 1225043) 10.3441| 4.7475 ||157| 24649 | 38609803| 12.5300] 5.3047 
ro8| 11664 | 1259712! 10.3923! 4.7622 || 158} 24064 | 3044312] 12.5698] 5.4061 
10g r188r 1295029! 10.4403] 4.7769 || 150] 25281 | 4019670} 12.6095| 5.4175 
t10| 12100 | 1331000| 10.4881} 4.7914 || 160] 25600 | 4096000] 12.6491] 5.4288 


rrr) 12321 | 1367631| 10.5357| 4.8059 || 161} 25921 | 4173281] 12.6886] 5.4401 
r12| 12544 | 1404928! 10.5830] 4.8203 || 162) 26244 | 4251528] 12.7270] 5.4514 
I13| 12769 | 1442897| 10.6301] 4.8346 || 163} 26569 | 4330747| 12.7671] 5.4626 
114] 12996 | 1481544) 10.6771] 4.8488 || 164} 26896 | 4410044) 12.8062] 5.4737 
115| 13225 | 1520875) 10.7238] 4.8629 || 165} 27225 | 4492725] 12.8452] 5.4848 
116| 13456 1560806 10.7703| 4.8770 || 166] 27556 | 4574206) 12.8841] 5.4050 
117| 13689 | 1601613) 10.8167] 4.8910 || 167] 27889 | 4657463] 12.9228] 5.5069 
118} 13924 | 1643032) 10.8628] 4.9049 || 168) 28224 | 4741632) 12.9615) 5.5178 
119) 14161 | 1685159) 10.9087| 4.9187 || 169] 28561 | 4826809] 13.0000) 5.5288 
120] 14400 | 1728000] 10.9545] 4.9324 ||/170] 28900 | 4913000] 13.0384] 5.5307 


121} 14641 1771561} 11.0000] 4.9461 ||171| 29241 | so0002TI| 13.0767] 5 
122| 14884 | 1815848) 11.0454] 4.0507 ||/172| 20584 | 5088448) 13.1149] 5.5613 
123| 15129 | 1860867] I1.0905| 4.0732 ||173) 20020 | 5177717] 13-1520] 5. 

124|°15376 | 1906624, 11.1355| 4.0866 || 174] 30276 | 5268024] 13.1909] 5.5828 
125| 15625 | 1953125| 11.1803] 5.0000 ||/175| 30625 | 5359375] 13.2283) 5.5934 
126| 15876 | 2000376| 11.2250] 5.0133 || 176| 30076 | 5451776] 13.2665] 5.6041 
127| 16129 | 2048383) 11.2694] 5.0265 ||177| 31320 | 5545233) 13.3041] 5.6147 
128| 16384 | 2097152| 11.3137| 5-0397 || 178] 31684 | 5630752] 13.3417] 5.6252 
129| 16641 | 2146689! 11.3578] 5.0528 ||170| 32041 | 5735330) 13.3791] 5.6357 
130] 16900 | 2197000] 11.4018} 5.0658 || 180} 32400 | 5832000) 13.4164 5.6462 


131| 17161 | 224809r| 11.4455] 5.0788 || 181] 32761 | 5020741) 13.4536] 5.6 

132| 17424 | 2299068| 11.4801] 5.0016 || 182| 33124 | 6028568! 13.4907) 5.6671 
133| 17689 | 2352637| 11.5326] 5.1045 || 183] 33489 | 6128487) 13.5277] 5-6 

134| 17956 | 2406104| 11.5758] 5.1172 || 184] 33856 | 6220504| 13.5647) 5.6 

135| 18225 | 2460375] 11.6190] 5.1209 || 185] 34225 | 6331625) 13.6015] 5.6980 
136| 18496 | 2515456) 11.6619] 5.1426 || 186] 34506 | 6434856) 13.6382] 5.7083 
137| 18769 | 2571353| 11.7047| 5.1551 ||187| 34969 | 6539203| 13.6748) 5.7185 
138] 19044 | 2628072) 11.7473] 5-1676 || 188] 35344 6644672) 13.7113] 5.7287 
130| 19321 2685619| 11.7898] 5.1801 || 189} 35721 | 6751260| 13.7477 5.7388 
140] 19600 | 2744000] 11.8322] 5.1925 || 190] 36100 | 6859000) 13.7840 5.7489 


141] 1988r | 2803221] 11.8743) 5.2048 || 1o1| 36481 | 6967871] 13.8203] 5.7 

142| 20164 | 2863288} 11.9164! 5.2171 || 192) 36864 7077888] 13.8564| 5.7690 
143| 20449 | 2924207| 11.9583| 5.2203 ||193| 37249 | 7180057| 13-8024] 5.7 

144| 20736 | 2085084) 12.0000] 5.2415 || 194] 37636 | 7301384] 13.9284] 5.7800 
145| 21025 | 3048625| 12.0416) 5.2536 || 195) 38025 7414875| 13.9642| 5.7980 
146| 21316 | 3112136| 12.0830] 5.2656 || 196| 38416 | 7529536] 14.0000] 5.8088 
147| 21609 | 3176523) 12.1244! 5.2776 ||107| 38809 | 7645373] 14.0357] 5.8186 
148| 21904 | 3241792| 12.1655| 5.2806 || 198] 39204 7762392| 14.0712| 5.8285 
149| 22201 | 3307949] 12.2066] 5.3015 ||109| 39601 | 7880590 14.1067] 5.8383 
I50| 22500 | 3375000) 12.2474| 5.3133 || 200) 40000 8000000! 14.1421| 5.8480 
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Squares, CusEs, SQUARE AND CuBE Roots or NUMBERS FROM 
I TO Looe 


No.| Square] Cube ee Root || No: |Sauare | Cube Rae fe 


8578 || 251 | 63002 | 15813251) 15.8430] 6.3080 
8675 || 252 | 63504 | 16003008] 15.8745) 6.3164 
203| 41209 | 8365427] 14.2478} 5-8771 || 253 | 64009 | 16104277] 15.9000) 6.3247 
204] 41616 | 8489664] 14.2829 8868 || 254 | 64516 | 16387064] 15.90374| 6.3330 
205| 42025 | 8615125] 14.3178] 5-8064 || 255 | 65025 16581375| 15.9087| 6.3413 
206] 42436 8741816] 14.3527| 5-90590 || 256 | 65536 | 16777216) 16.0000 6.3496 
207| 42849 | 8869743] 14.3875] 5-9155 || 257 | 66049 | 16074593] 16.0312) 6.35790 
208] 43264 | 8008912] 14.4222| 5.0250 || 258 | 66564 | 17173512 16.0624) 6.3661 
209| 43081 | 9129329] 14.4568] 5.9345 || 259 | 6708x | 17373979] 10.0035] 6.3743 
210] 44100 | 9261000] 14.4014! 5.9439 || 260 | 67600 | 17576000 16.1245| 6.3825 


201| 40401 8120601] 14.1774 
202| 40804 | 8242408] 14.2127 


211} 44521 0393931| 14.5258} 5-0533 || 261 | 68r2r 17779581| 16.1555 6.3098 
212| 44044 | 0528128] 14.5602] 5.9627 || 262 | 68644 17984728] 16.1864) 6.308 
213| 45309 | 9063507) 14.5045| 5-9721 || 263 | 69169 | 18191447] 16.2173] 6.4070 
214| 45796 9800344} 14.6287| 5-08t4 || 264 | 60606 | 18300744 16.2481) 6.4151 
215| 46225 | 090938375] 14.6629] 5.0907 || 265 | 70225 | 18609625| 16.2788) 6.4232 
216| 46656 | 10077696| 14.6969| 6.0000 || 266 | 70756 18821096} 16.3005] 6.4312 
217| 47089 | 10218313] 14.7309] 6.00902 267 | 71289 | 19034163) 16.3401) 6.4393 
218| 47524 | 10360232| 14.7648] 6.0185 || 268 71824 | 19248832) 16.3707) 6.4473 
219] 47061 | 10503459] 14.79086| 6.0277 || 269 | 72361 | 19405109 16.4012| 6.4553 
220] 48400 | 10648000] 14.8324] 6.0363 || 270 | 72900 19683000} 16.4317| 6.4633 


221} 48841 | 10703861) 14.8661} 6.0459 || 271 | 73441 | 190025TI 16.4621) 6.4713 
222| 49284 | 10941048] 14.8097| 6.0550 || 272 | 73084 20123648] 16.4924| 6.4792 
223| 49729 | 11089507| 14.9332| 6.064% || 273 | 74529 20346417| 16.5227} 6.4872 
224) 50176 | 112309424] 14.9066) 6.0732 || 274 75076 | 20570824] 16.5520] 6.4951 
225| 50625 | 11390625] 15.0000} 6.0822 |! 275 | 75625 20796875| 16.5831| 6.5030 
226| 51076 | 11543176] 15.0333} 6.0912 || 276 | 76176 | 21024576) 16.6132 6.5108 
227) 51529 | 11697083] 15.0665] 6.1002 || 277 | 76720 | 21253033] 16.6433) 6.5187 
228] 51984 | 11852352| 15.0097} 6.109% || 278 77284 | 21484952| 16.6733| 6.5265 
229! 52441 | 12008989] 15.1327] 6.1180 || 279 | 7784% 21717639] 16.7033] 6.5343 
240] 52000 | 12167000} 15.1658) 6.1269 || 280 | 78400 | 21952000 16.7332| 6.5421 


231| 53361 | 12326301) 15.1987] 6.1358 281 | 7896x | 22188041) 16.7631) 6.5409 
232] 53824 | 12487168) 15.2315| 6.1446 || 282 | 790524 22425768] 16.7929] 6 

233| 54289 | 12640337! 15.2643] 6.1534 || 283 | 80089 22665187) 16.8226) 6.5654 
234| 54750 | 12812904] 15.2071| 6.1622 || 284 80656 | 22906304] 16.8523) 6.5731 
235} 58225 | 12077875| 15-3297] 6.1710 || 285 | 81225 | 23149125 16.8819] 6.5808 
236) 55696 | 13144256) 15.3623) 6.1797 || 286 | 81796 | 23303656) 16.9115 6.5885 
237! 56169 | 13312053| 15.3048] 6.1885 || 287 82369 | 23639903] 16.0411| 6.5962 
238| 56644 | 13481272) 15.4272] 6.1972 || 288] 82044 23887872) 16.9706] 6.6039 
239] 57121 | 13051910) 15.4506} 6.2058 || 289 | 83521 | 241 7569] 17.0000} 6.6115 
240| 57600 | 13824000) 15.4919} 6.2145 || 290 84100 | 243 17.0294, 6.6104 


241| s808x | 13997522) 15.5242] 6.2231 || 291 | 84681 oabaante 17.0587| 6.6267 

242| 58564 | 14172488) 15.5563] 6.2317 || 292 85264 | 24807 17.0880} 6.6343 

243) $9040 | 14348907| 15.5885) 6.2403 || 293 | 85849°| 25153757) 17-1172| 6.6419 

244) 50536 | 14526784] 15.6205] 6.2488 || 204 86436 | 25412184) 17.1464) 6.6404 

245| 00025 oh 15.6525 6.2578 205 | 87025 25072375 17.1750) 6.6560 
3 


246| 60516 | 14886936) 15.6844) 6.2658 || 296 87616 | 25034336| 17.2047) 6.6644 
247| 61009 | 15069223] 15.7162| 6.2743 | 207 | 88209 26198073) 17.2337| 6. 

248) 61504 | 15252902| 15-7480] 6.2328 a4 88804 | 26463502) 17.2627| 6.6704 
249| 62001 | 15438249] 15.7707| 6.2012 || 200 | So4or 2673 17.2916| 6.6860 
250| 62500 | 15625000, 15.8114] 6.2906 || 300 | Qoooo | 27000000) 17.3205 6.6943 


SQUARES, CUBES AND ROOTS 495 
\2 
‘Squares, CuBEs, SQUARE AND CuBE Roots oF NUMBERS FROM 
I £0 1000 } 
|= 
'INo. Square | Cube ny ares No. Square Cube ny (ibe 
a | ee 
90601} 2727090T| 17.3404| 6.7018 || 351 | 123201] 43243551] 18.7350| 7.0540 
91204] 27543608] 17.3781| 6.7092 || 352 | 123904| 43614208) 18.7617) 7.0607 
91809] 27818127] 17.4069] 6.7166 || 353 | 124609] 43986977| 18.7883| 7.0674 
92416} 28094464] 1£7.4356| 6.7240 || 354 | 125316} 44361864! 18.8140} 7.0740 
93025] 28372625] 17.4642| 6.7313 || 355 | 126025] 44738875] 18.8414| 7.0807 
93636! 28652616] 17.4929] 6.7387 || 356 | 126736| 45118016] 18.8680) 7.0873 
94249] 28034443| 17-5214] 6.7460 || 357 | 127449] 45490203| 18.8044) 7.0040 
94864| 29218112] 17.5490| 6.7533 || 358 | 128164) 45882712| 18.9209| 7.1006 
95481} 29503629] 17.5784] 6.7600 || 359 | 128881) 46268270) 18.9473) 7.1072 
96100] 29791000| 17.6068] 6.7679 || 360 | 129600] 46656000, 18.9737] 7.1138 
311] 06721] 30080231] 17.6352| 6.7752 || 36z | 130321] 4704588r| 19.0000] 7.1204 
312) 097344| 30371328) 17.6635| 6.7824 || 362 | 131044] 47437028) 10.0263] 7.1260 
313] 97960] 30664207| 17.6918| 6.7897 || 363 | 131760| 47832147| 19.0526) 7.1335 
314} 98596} 30950144] 17.7200] 6.7969 || 364 | 132496) 48228544) 19.0788) 7.1400 
315! 99225) 31255875| 17.7482] 6.8041 || 365 | 133225) 48627125) 19.1050| 7.1466 
316) 909856) 31554496) 17.7764) 6.8113 || 366 | 133956) 49027806) 19.1311) 7.1531 
317| 100489] 31555013] 17.8045| 6.8185 || 367 | 134680} 40430863] 19.1572] 7.1506 
318) 101124| 32157432| 17.8326| 6.8256 || 368 | 135424] 49836032| 19.1533| 7.1661 
319] 101761] 32461750] 17.8606} 6.8328 || 369 | 136161) 50243409} 19.2004] 7.1726 
320| 102400] 32768000] 17.8885] 6.8399 || 370 | 136900] 50653000! 19.2354! 7.1791 
321| 103041| 33076161| 17.9165] 6.8470 || 371 | 137641} 51064811| 19.2614) 7.1855 
322] 103684] 33386248] 17.9444| 6.8541 || 372 | 138384! 51478848] 19.2873| 7.1920 
323] 104329] 33098267| 17.9722| 6.8612 || 373 | 139120) 51895117} 19.3132 7.1984 
324] 104976] 34012224] 18.0000] 6.8683 || 374 | 139876) 52313624] 19.3391] 7-204: 
325] 105625] 34328125] 18.0278) 6.8753 || 375 | 140625] 52734375] 19-3640| 7.2112 
326) 106276] 346450976) 18.0555) 6.8824 || 376 | 141376] 53157376] 19.3907) 7.2177 
327| 106929] 34905783] 18.0831| 6.8894 || 377 | 142120) 53582033] 19.4165| 7.2240 
328} 107584] 35287552] 18.1108| 6.8964 || 378 | 142884] sqorors2| 19.4422) 7.2304 
329) 108241) 35611289) 18.1384) 6.9034 ||379 | 143641) 54439930] 19.4679) 7.2368 
330| 108900} 35937000] 18.1659} 6.9104 || 380 | 144400) 54872000) 19.4936| 7.2432 
331} 109561} 36264601} 18.1934| 6.0174 || 381 | 145161) 55306341} 10.5102) 7.2495 
332| 110224] 36504368) 18.2200] 6.9244 || 382 | 145924! 55742008) 19.5448) 7.2558 
333| 110889] 36926037| 18.2483| 6.9313 || 383 | 146689) 56181887] 19.5704] 7.2622 
334) 111556) 37259704) 18.2757| 6.9382 || 384 | 147456) 56623104) 19.5059) 7.2085 
335| 112225] 37595375| 18.3030] 6.0451 ||/385 | 148225] 57066625] 19.6214) 7.2748 
336) 112896| 37933056] 18.3303) 6.9521 || 386 | 148996) 57512456) 19.0409) 7.2811 
337| 113560] 38272753| 18.3576] 6.9589 || 387 | 149769) 57960603] 19.6723) 7.2874 
338) 114244! 38614472] 18.3848! 6.9658 || 388 | r50544! 58411072) 19.6077! 7.203 
339] 114921] 38958219] 18.4120} 6.9727 || 380 | 151321! 58863869] 19.7231] 7.2099 
340| 115600} 39304000] 18.4391| 6.9795 || 390 | 152100] 59319000] 19.7484) 7.3061 
341| 116281} 39651821! 18.4662) 6.9864 || 301 | 152881] 50776471| 10.7737) 73124 
342| 116964! 4oo0o1688| 18.4932) 6.9932 || 302 | 153664] 60236288) 19.7990| 7.3186 
343| 117640| 40353607| 18.5203| 7.0000 || 393 | 154449} 60698457) 19.8242) 7.3248 
344] 118336] 40707584| 18.5472) 7.0068 || 304 | 155236) 61162084] 10.8404) 7.3310 
345| 119025] 41063625] 18.5742) 7-0136 || 305 | 156025) 61620875) 10.8746) 7.3372 
346| 1197126] 41421736; 18.6011} 7.0203 || 396 | 156816] 62099136] 19.8007! 7.3434 
347| 120400| 41781923] 18.6279] 7.0271 || 307 | 157609| 62570773) 19.9240} 7.3400 
348| 121104 42144192) 18.6548} 7.0338 || 308 | 158404) 63044792] 109.0400] 7.3558 
349} 121801] 42508540) 18.6815) 7.0406 || 309 | 159201| 635211090) 19.0750] 7.3019 
350| 122500] 42875000] 18.7083] 7.0473 || 400 | 160000} 64000000] 209.0000] 7.3681 
t 
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GENERAL REFERENCE TABLES 


SQUARES, CUBES, SQUARE AND CuBr Roots of NUMBERS FROM 

p I TO 1000 } 
No./Square | Cube ake Se No. |Square} Cube ae cee 
401} 160801] 64481201] 20.0250] 7.3742 || 451 | 203401] 91733851|21.2368} 7.6688 
402| 161604| 64964808) 20.0499] 7.3803 || 452 | 204304] 92345408)21.2603| 7.6744 
403| 162409] 65450827) 20.0749] 7.3864 ||453 | 205209] 92959677|21.2838) 7.0800 
404| 163216| 65939264] 20.0998] 7.3025 ||454 | 200116] 03576664/21.3073| 7.0857 
405| 164025| 66430125| 20.1246] 7.3086 || 455 | 207025] 94106375]21.3307| 7.6014 
406| 164836] 66923416] 20.1494] 7.4047 || 456 | 207936] 94818816)21.3542| 7-6970 
407| 165640] 67419143] 20.1742] 7.4108 || 457 | 208849] 95443993|21.3776| 7.7026 
408] 166464] 67917312] 20.1990] 7.4169 || 458 | 209764! 96071912/21.4009) 7.7082 
409] 167281] 68417929] 20.2237| 7.4229 || 459 | 210681) 96702570]21.4243| 7.7135 
410| 168100| 68921000] 20.2485] 7.4200 || 460 | 241600] 97336000}21.4476, 7-7104 
411| 168921] 69426531] 20.2731| 7.4350 || 461 | 212521| 97072181|21.4700| 7.7250 
412| 169744) 60934528) 20.2978] 7.4410 || 462 | 213444) 98611128)21.4042| 7.7306 
413| 170560] 70444997| 20.3224] 7.4470 || 463 | 214309) 90252847|21.5174| 7.7362 
414| £71306] 70957944| 20.3470] 7.4530 || 464 | 215206} 909807344|21.5407| 7.7418 
415| 172225| 71473375| 20.3715| 7-4590 || 465 | 216225] 100544625|21.5039| 7.7473 
416] 173056) 71991296, 20.3961] 7.4650 || 466 | 217156] 101194606|21.5870| 7.7529 
417| 173889] 72511713) 20.4206] 7.4710 || 467 | 218089| 101847563|21.6102| 7.7584 
418] 174724] 73034632| 20.4450| 7.4770 ||468 | 219024) 102503232/21.6333| 7-7039 
419| 175561] 73560059| 20.4695] 7.4829 || 469 | 219961) 103161709|21.6564| 7.7605 
420| 176400] 74088000} 20.4939] 7.4889 || 470 | 220900} 103823000|21.6795| 7.7759 
421| 177241| 74618461] 20.5183} 7.4948 || 471 | 221841) 104487111/21.7025) 7.7805 
422] 178084] 75151448] 20.5426] 7.5007 || 472 | 222784) 105154048|21.7256) 7.7800 
423] 178929| 75686967} 20.5670] 7.5067 || 473 | 223729| 105823817|21.7486) 7.7915 
424| 179770] 76225024| 20.5913] 7.5126 | || 474 | 224676| 106496424)/21.7715| 7-7970 
425| 180625] 76765625] 20.0155] 7.5185 || 475 | 225625| 107171875]21.7945| 7-8025 
426| 181476| 77308776] 20.6308] 7.5244 || 476 | 226576) 107850176|21.8174| 7.8079 
427| 182329] 77854483| 20.6640] 7.5302 || 477 | 227520) 108531333/21.8403) 7.8134 
428] 183184] 78402752| 20.6882] 7.5361 || 478 | 228484) 109215352)21.8632) 7.8188 
429] 184041] 78953589] 20.7123] 7-5420 || 479 | 220441| 100902230|21.8861| 7.8243 
430] 184900] 79507000] 20.7364] 7.5478° || 480 | 230400) 110592000|21.9089| 7.8297 
431| 185761] 80062991| 20.7605] 7.5537 || 481 | 231361} 111284641|21.9317| 7.8352 
432] 186624| 80621568} 20.7846, 7.5505 || 482 | 232324| 111980168|21.9545| 7.8406 
433| 187480| 81182737] 20.8087] 7.5654 || 483 | 233280| 112678587|21.9773| 7.8460 
434} 188356] 81746504) 20.8327| 7.5712 || 484 | 234256] 113370004|22.0000) 7.8514 
435| 189225| 82312875) 20.8567] 7.5770 || 485 | 235225| 114084125|22.0227| 7.8565 
436] 190096] 82881856) 20.8806] 7.5828 || 486 | 236106] 114791256|22.0454| 7.8622 
437| 1909069] 83453453) 20.9045| 7.5886 || 487 | 237160] 115501303|22.06081| 7.8676 
438] 191844] 84027672| 20.9284| 7.5044 || 488 | 238144] 116214272/22.0907| 7.8730 
439| 192721| 84604519| 20.9523] 7.6001 || 489 | 239121| 116930169)22.1133) 7.8784 
440] 193600] 85184000] 20.9762) 7.6059 || 490] 240100] 117649000/22.1350) 7.8537 
441| 194481) 85766121) 21.0000] 7.6117 || 491 | 241081] 118370771/22.1585| 7.8891 
442| 195364| 86350888) 21.0238] 7.6174 || 492 | 242064) 119095488/22.1811 7.8044 
443| 196249} 86938307) 21.0476] 7.6232 |) 493 | 243049) 119823157|22.2036| 7.809 
444| 1907136] 87528384) 21.0713| 7-6289 || 494 | 244036) 120553784|22.2261| 7.9051 
445| 198025} 88121125] 21.0950] 7.6346 || 405 | 245025| 121287375|22.2486| 7.9105 
446) 198916] 88716536] 21.1187] 7.6403 || 4 246016| 122023936|22.2711| 7.9153 
447| 199809] 89314623] 21.1424] 7.6460 || 497 | 247009) 122763473|22.2035) 7-921% 
448] 200704] 89915392] 21.1660] 7.6517 || 498 | 248004, 1235059092/22.3159| 7.9264 
449| 201601] 90518849) 21.1896) 7.6574 || 409 | 249001) 124251499|22.3353) 7.9317 
450] 202500] 91125000] 21.2132] 7.6631 || 500 | 250000) 125000000/22.3607| 7.9379 
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SQUARES, CUBES AND ROOTS 407 
‘Squares, CUBES, SQUARE AND CuBE Roots OF NUMBERS FROM 
I TO 1000 

Sq. Cube , Sq. Cube 

.| Square Cube Root Rost Square Cube Rocha ese 
251001] 125751501|22.3830| 7.9423 303601| 167284151|23.4734| 8.1982 
252004) 120506008|22.4054| 7.9476 304704| 168190608|23.4947| 8.2031 
253009| 127263527|22.4277| 7-9528 305809| 169112377]23.5160) 8.2081 
254016] 128024064|22.4400| 7-058 306916| 170031464|23.5372| 8.2130 
255025| 128787625|22.4722| 7.9634 308025] 170953875|23-5584| 8.2180 
256036| 129554216|22.4944| 7.9686 309136) 171879616|23.5707| 8.2220 
257049| 130323843|22-5167| 7.9739 310249] 172808693]23.0008| 8.2278 
258064) 131096512|22.5380| 7.9791 311304| 173741112|23-6220| 8.2327 
259081] 131872220|22.5610| 7.9843 312481] 174676879|23.6432| 8.2377 
200100] 132651000]22.5832| 7.9806 313000] 175616000]23.6643| 8.2426 
261121| 133432831|22.6053| 7.9048 314721) 176558481|23.6854| 8.2475 
262144| 134217728|22.6274| 8.0000 315844) 177504328|23.7065| 8:2524 
263109) 135005697|22.6495| 8.0052 316969| 178453547|23.7270| 8.2573 
264196| 135796744|22.6716| 8.o104 318096| 179406144|23.7487| 8.2621 
265225| 136590875|22.6936| 8.0156 319225| 180362125|23.7007| 8.2670 
266256] 137388096|22.7156| 8.0208 320356| 181321496]23.7908] 8.2710 
267289| 138188413}22.7376| 8.0260 321489] 182284263|23.8118| 8.2768 
268324) 138991832|22.7506| 8.0311 322624) 183250432|23.8328| 8.2816 
269361| 130708359|22-7816| 8.0363 323761) 184220009|23.8537| 8.2865 
270400| 140608000}22.8035| 8.0415 324900) 185193000|23.8747| 8.2013 
271441| 141420761|22.8254] 8.0466 326041| 186169411|23.8956| 8.2062 
272484| 142236648|22.8473] 8.0517 327184| 187149248|23.9105| 8.3010 
273520| 143055667|22.8692| 8.0569 328329] 188132517|23.0374| 8.3059 
274576| 143877824/22.8910| 8.0620 320476| 189119224|23.9583| 8.3107 
275625| 144703125|22.9129| 8.0671 330625} 190109375|23-0792| 8.3155 
276676| 145531570|22.0347| 8.0723 331770) I9g1102976|24.0000] 8.3203 
277720| 146363183|22.9565| 8.0774 332929} 192100033|24.0208| 8.3251 
278784| 147107952|22.0783| 8.0825 334084| 193100552|24.0416| 8.3300 
279841| 148035889) 23.0000] 8.0876 335241) 194104530|24.0024| 8.3348 
280900] 148877000]23.0217| 8.0927 330400) I95112000/24.0832| 8.3396 
281961| 149721291|23.0434| 8.0978 337561) 196122941|24.1039| 8.3443 
283024| 150568768|23.0051| 8.1028 338724| 197137308|24.1247| 8.3401 
284089] 151419437|23.0868] 8.1079 339889) 198155287|24.1454| 8.3530 
285156] 152273304|23.1084| 8.1130 3410560) 199176704) 24.1061| 8.3587 
| 286225] 153130375|23-1301| 8.1180 342225| 200201625|24.1868} 8.3624 
| 287296) 153990656 /23.1517| 8.1231 343390) 201230056) 24.2074) 8.3682 
288369] 154854153/23.1733| 8.1281 344509| 202262003|24.2281| 8.3730 
280444] 155720872|23.1048| 8.1332 345744| 203207472|24-2487| 8.3777 
290521| 156590819| 23.2164! 8.1382 346021) 204336469 24.2003) 3.3825 
291600| 157464000|23.2370| 8.1433 348100] 205379000|24.2899| 8.3872 
292681| 158340421|23.2504| 8.1483 340281| 206425071|24.3105| 8.3919 
293764] 159220088|23.2809| 8.1533 350464| 207474688] 24.3311| 8.3967 
294849| 160103007 |23.3024| 8.1583 3510649] 208527857/24.3516| 8.4014 
205036| 160989184|23.3238| 8.1633 352836| 209584584/24.3721| 8.4061 
297025] 161878625 /23.3452| 8.1683 354025| 210044875|24.3926) 8.4108 
298116| 162771336|23.3066| 8.1733 355216) 211708736/24.4131| 8.4155 
299209] 163667323|23.3880| 8.1783 356400| 212776173|24.4336| 8.4202 
8] 300304) 164566592|23.4004| 8.1833 357004| 213847102|24.4540)| 8.4240 
301401} 165469149) 23.4307| 8.1882 358801| 214921700|24.4715| 8.4296 
302500] 166375000|23.4521| 8.1932 360000} 216000000} 24.4040| 8.4343 


498 GENERAL REFERENCE TABLES 
Squares, CUBES, SQUARE AND CuBE Roots or NUMBERS FROM 
I TO 1000 
Nosquare| Cube | Sty | Qibe ||ro,|Squase] cube | Say | Cibo 
— — 
Gor| 361201} 21708r80r}24.5153| 8.4390 || 651 | 423801) 275894451\25.5147! 8.6668 
602) 362404! 218167208}24.5357| 8.4437 || 652 | 425104! 277167808)25.5343) 8.67173 
603] 363600) 219256227|24.556r| 8.4484 || 653 | 426400) 278445077/25.5539| 8.6757 
604) 364816) 220348864/24.5764| 8.4530 || 654 | 427716| 270726264/25.5734| 8.680r 
605! 366025} 221445125/24.5067| 8.4577 || 655 | 429025) 281011375|25.5030) 8.6845 
606) 367236) 222545016|24.6171| 8.4623 || 656 | 430336) 282300416|25.6125| 8.6890 
607| 368449] 223648543|24.0374| 8.4670 |/ 657 | 431649} 283503303/25.6320] 8.6934 
608} 369664) 224755712/24.6577| 8.4716 || 658 | 432064) 284890312\25.6515| 8.6978 
609| 370881] 225866520|24.6779| 8.4763 || 650} 434281) 286101170|25.6710| 8.7022 
610} 372100] 226981000)24.6982|} 8.4809 || 660 | 435600] 287496000|25.6905| 8.7066 
611) 373321} 228099131/24.7184| 8.4856 || 661 | 436021] 288804781/25.7099| 8.7110 
612) 374544] 229220928|24.7380| 8.4002 || 662 | 438244) 290117528|25.7204) 8.7154 
613] 375769] 230346307|24.7588! 8.4948 || 663 | 439500! 201434247|25.7488] 8.7108 
614) 376996) 231475544/24.7790| 8.4994 || 664 | 440806) 292754044/25.7082) 8.7241 
615| 378225| 232608375/24.7902| 8.5040 || 665 | 442225) 294079625/25.7876| 8.7285 
616} 379456| 233744806/24.8193| 8.5086 || 666 | 443556| 205408206)25.8070! 8.7329 
617) 380689 4 eke 24.8305| 8.5132 || 667 | 444889) 206740963/25.8263) 8.7373 
618) 381924| 236029032/24.8506| 8.5178 || 668 | 446224) 298077632/25.8457| 8.7416 
619) 383161| 237176650|24.8707| 8.5224 || 660 | 447561! 299418300) 25.8650) 8.7460 
620] 384400} 238328000]24.8908] 8.5270 || 670 | 448900) 300763000] 25.8844| 8.7503 
621| 385641} 239483061/24.9100| 8.5316 || 671 | 450241) 302111711|25.9037| 8.7547 
622| 386884) 240641848/24.9390| 8.5362 || 672 | 451584) 303464448}25.9230] 8.7590 
623) 388129) 241804367/24.9600] 8.5408 || 673 | 452020| 304821217)25.9422| 8.7634 
624| 389376} 242970624/24.9800) 8.5453 || 674 | 454276) 306182024|25.9615) 8.7677 
625| 3900625} 244140625|25.0000) 8.5409 || 675 | 455625) 307546875!25.9808| 8.7721 
626} 391876) 245314376/25-0200| 8.5544 || 676 | 456076) 308015776|26.0000) 8.7764 
627| 393129] 246491883|25.0400] 8.5590 || 677 | 458320] 310288733/|26.0192) 8.7807 
628) 394384) 247673152/25.0500| 8.5635 || 678 | 450684) 311665752|26.0384) 8.7850 
6209] 395641) 248858180)25.0700| 8.5681 || 679 | 461041| 313046830|26.0576| 8.7893 
630| 396900] 250047000/25.0998| 8.5726 || 680 | 462400] 314432000) 26.0768) 8.7937 
631] 398161] 251239591|25-1107| 8.5772 || 681 | 463761] 315821241|26.0960] 8.7080 
632] 300424) 252435968/25.1306| 8.5817 || 682 | 465124) 317214568)26.1151| 8.8023 
633) 400689) 253636137/25.1505| 8.5862 || 683 | 466489] 318611987)26.1343) 8.8066 
634| 401956} 254340104/25.1794| 8.5907 || 684 | 467856) 320063504!26.1534) 8.8109 
635) 403225| 250047875|25.1092| 8.5952 || 685 | 460225 g2t41gras 26.1725) 8.8152 
636| 404496] 257259456/25.2100| 8.5907 686 | 470596) 322828856) 26.1916) 8.8104 
637| 405769] 258474853 25-2389] 8.6043 || 687 | 471060) 324242703|26.2107| 8.8237 
638) 407044} 259694072 25.2587| 8. 688 | 473344) 32566067 2| 26.2298) 8.82: 
639] 408321} 260917119 25.2784] 8.6132 {| 689 | 474721) 327082760) 26.2488) 8.8323 
640) 409600) 262144000/25.2982| 8.6177 || 690 | 476100] 328509000) 26.2679) 8.8366 
641} 410881) 263374721/25.3180| 8.6222 || 60x | 477481! 329030371/ 26.2869] 8.8408 
642| 412164) 2646092838)25.3377| 8.6267 || 692 | 478864) 331373 26.3059) 8.8451 
643 413449) 265847707|25-3574| 8.6312 || 693 | 480240) 332812557|26.3240) 8.8493 
644| 414736| 267089934/25-3772) 3.6357 || 694 | 481636} 334255384| 26.3430! 8.8536 
645| 416025! 268336125\25-3069) 8.6401 || 605 | 483025! 335702375) 26.3629) 8.8578 
646 417316) 269586136 25.4165) 8.6446 || 606 | 484416) 337153536)26.3813) 8.8624 
647| 418609, 270840023 25.4362) 8.6400 || 607 | 485809] 338608873/ 26.4008) 8.8663 
648} 419904| 272007792/25-4558| 8.6535 || 608 | 487204} 340068392|26.4107| 8.3706 
649} 421201| 273350449/25-4755| 8.6570 || 609 | 4886or| 341532000/ 26.4386) 8.8748 
650| 422500 8.6624 490000} 343000000) 26.4575] 8.8790 


27462 cape 25-4051 


SQUARES, CUBES AND ROOTS 499 
} 

‘Squares, CUBES, SQUARE AND CuBE Roots or NUMBERS FROM 

I TO 1000 

-No.| Square} Cube nae ee No. | Square Cube ae ee 
701| 4914oOr| 344472101|26.4764| 8.8833 || 751 | 564001] 423564751|27.4044| 9.0806 
702| 492804] 345948408) 26.4053| 8.8875 || 752 | 565504] 425259008|27.4226| 9.0037 
703| 494209] 347428927/26.5141| 8.8917 || 753 | 567009] 426957777|27.4408| 9.0077 
704| 495616) 348913664| 26.5330] 8.8959 || 754 | 568516] 428661064|27.4501| 9.1017 
725| 497025] 350402625|26.5518) 8.9001 ||755 | 570025] 430368875|27.4773] 9.1057 
706) 498436] 351805816/26.5707| 8.9043 || 756 | 571536] 43208r216|27.4055| 9.1008 
797| 490849] 353303243/26.5805} 8.0085 || 757 | 573049] 433798003|27.5136| 9.1138 
708] 501264] 354804012|20.6083) 8.9127 |/758 | 574504) 435510512|27.5318| 9.1178 
709| 502681| 356400820/26.6271| 8.90169 || 759 | 576081) 437245479|27.5500| 9.1218 
7I0| 504100] 357911000]/26.6458| 8.9211 || 760 | 577600] 438976000|27.5681| 9.1258 
7II} 505522] 350425431)/20.6646| 8.9253 || 761 | 579121} 440711081\27.5862] 9.12908 
712) 500044| 360944128|26.6833| 8.9295 || 762 | 580644! 442450728|27.0043} 9.1338 
713| 508369] 362467097/26.7021| 8.9337 || 763 | 582169] 444104947|27.6225| 9.1378 
714| 509700] 363004344|26.7208} 8.0378 || 764 | 583606) 445943744\27.0405| 9.1418 
715| 511225) 365525875|20.7305| 8.9420 || 765 | 585225] 447697125|27.6586| 9.1458 
716) 512656| 367061696|26.7582] 8.9462 766 | 586756] 440455006|27.6767| 9.1408 
717| 514089| 368601813/26.7769| 8.9503 767 | 588280) 451217663|27.6948] 9.1537 
718] 515524| 370146232|26.7955| 8.0545 || 768 | 589824] 452984832/27.7128| 9.1577 
719| 516961] 371694950|26.8142| 8.0587 || 769 | 50136t| 454756609|27.7308) 9.1617 
720| 518400| 373248000|26.8328] 8.9628 ||770] 502900) 456533000|27.7489] 9.1657 
yat| 519841] 374805361|26.8514| 8.9670 ||771 | 504441] 458314011|27.7660] 9.1696 
722| 521284] 376367048|26.8701| 8.9711 772 | 595984) 460099648|27.7849| 9.1736 
723| 522729) 377933007 |26.8887| 8.9752 || 773 | 597520] 461889017 /27.8020| 9.1775 
724| 524176] 379503424|26.9072| 8.9704 ||774| 509076] 463684824|27.8200| 9.1815 
725| 525625| 381078125|26.9258| 8.9835 || 775 | 600625) 465484375|27-8388| 9.1855 
726] 527076) 382657176|26.9444| 8.9876 || 776 | 602176| 467288576|27.8568) 9.1894 
727| §28529| 384240583|26.9620] 8.9918 || 777 | 603720) 469007433|27-8747| 9.1933 
728) 520984| 385828352|26.9815| 8.0959 || 778 | 605284) 470910052)/27.8927| 9.1073 
7209) 531441| 387420489|27.0000] 9.0000 779 | 606841| 472720139|27.9106] 9.2012 
730| 532900) 389017000]27.0185| 9.0041 || 780 | 608400] 474552000|27.9285| 9.2052 
731| 534361| 390617801|27.0370, 9.0082 || 781 | 609961) 476370541/27.0464| 9.2001 
732| 535824| 392223168]27.0555| 9.0123 782 | 611524) 478211768|27.9643| 9.2130 
733| 537289| 393832837|27.0740| 9.0164 || 783 | 613089] 480048687|27.9821| 9.2170 
734| 538756) 395446904/27.0924| 9.0205 784 | 614656) 481890304|28.0000} 9.2209 
735| 540225) 397005375|27.1100| 9.0246 || 785 | 616225] 483736625|28.0179] 9.2248 
736| 541696, 398688256|27.12093| 9.0287 || 786 | 617796] 485587656/28.0357| 9.2287 
737| 543169} 400315553|27-1477| 9.0328 || 787 | 619369| 487443403 |28.0535| 9.2326 
738| 544644] 401047272|27.1662| 9.0369 || 788 | 620944] 489303872|28.0713| 9.2365 
739| 540121\ 403583419|27.1846| 9.0410 || 789 | 622521] 491169060) 28.0801] 9.2404 
740| 547600) 405224000|27.2029| 9.0450 || 790 | 624100] 493039000)28.1069] 9.2443 
741| 549801! 406869021/27.2213| 9.0491 || 79r | 625681) 494013671/28.1247| 9.2482 
742| 550504) 408518488|27.23907| 9.0532 || 702 | 627264] 496703088/28.1425| 9.2521 
743) 552049] 410172407|27.2580] 9.0572 || 703 | 628840) 408677257|28.1603| 9.2560 
744| 553536) 411830784|27.2764| 9.0613 || 704 | 630436] 500566184)28.1780| 9.2500 | 
745| 555025| 413493625|27-2047| 9.0654 || 795 | 632025] 502459875|28.1957| 9.2038 
7460} 556516] 415160936]27.3130| 9.0604 || 796 | 633616] 504358336)28.2135| 9.2677 
747| 558009} 416832723|27.3313| 9.0735 || 707 | 635200) 506261573|28.2312| 9.2716 
748| 559504} 418508092|27.3406| 9.0775 || 708 | 636804] 508169592|28.2480| 9.2754 
749| 561001] 420189740|27.3670| 9.0816 || 799 | 638401] 510082399|28.2666| 9.2793 
750| 562500| 421875000|27.3861| 9.0856 || 800 | 640000] 512000000/28.2843| 9.2832 


500 GENERAL REFERENCE TABLES 
SQUARES, CUBES, SQUARE AND CuBr Roots oF NUMBERS FROM 
I TO 1000 
a —— 
No.| Square] Cube Bay Soe No. |Square| Cube ee ure 
= | 
] 

801} 641601} 513922401|28.3019| 9.2870 || 85x | 724201/ 616295051/29.1719 9.4764 
802) 643204! 515849608|28.3196) 9.2909 || 852 | 725904) 618470208|29.1890| 9.4801 
803} 644809! 517781627|28.3373| 9-2048 || 853 | 727609) 620650477)\29.2062| 9.4838 
804} 646416] 519718464] 28.3549| 9.2086 || 854 | 729316) 622835864)20.2233)| 9.4875 
805] 648025] 521660125|28.3725| 9.3025 || 855 | 731025| 625026375/20.2404| 9.4012 
806! 640636| 523606616/28.3001} 9.3063 || 856 | 732736) 627222016) 20.2575| 9.4040 
807| 651240] 525557943)/28.4077| 9.3102 ||/857 | 734449} 620422793|20.2740) 9.4086 
808} 652864) 527514112/28.4253| 9.3140 |/ 858 | 736164) 631628712|20.2916) 9.5023 
809) 654481) 520475129/28.4420| 9.3179 || 850 | 737881| 633839779|20.3087| 9.5060 
810} 656100| 531441000/28.4605| 9.3217 || 860 | 739600) 636056000)29.3258| 9.5097 
811| 657721| 533411731|28.4781| 9.3255 || 86r | 741321) 638277381)20.3428| 9.5134 
812) 650344) 535387328/28.4956| 9.3204 || 862 | 743044} 640503928)|20.3598) 9.5171 
813) 660960) 537367797)\28.5132| 9.3332 || 863 | 744760) 642735047|20.3760) 9.5207 
814] 662506] 539353144/28.5307| 9.3370 || 864 | 740406] 644072544|20.3039) 9.5244 
815] 664225} 541343375|28.5482| 9.3408 || 865 | 748225] 647214625) 20. 4100) 9. 5281 
816] 665856} 543338406|28.5657| 9.3447 || 866 | 740056) 649461806) 20.4270) 9-5317 
817) 667480) 545338513/28.5832| 9.3485 || 867 | 751080] 651714303/20.4449 9.5354 
818) 660124) 547343432/28.6007| 9.3523 || 868 | 753424) 653972032! 290. 4618) 9-5391 
819| 670761} 549353259| 28.6182] 9.3561 || 869 | 755161) 656234900|29.4788 9.5427 
820| 672400} 551368000} 28.6356| 9.3599 ||870 | 756900} 658503000/29.4058) 9.5464 
821] 674041} 553387661|28.6531| 9.3637 || 871 | 75864x| 660776311|29.5127| 9.5501 
822) 675654) 555412248|28.6705| 9.3675 || 872 | 760384) 663054848|20.5296| 9.5537 
823] 6773290] 557441767|28.6880| 0.3713 |/873 | 762129] 665338617/20.5466) 9.5574 
824| 678076] 550476224|28.7054| 9°3751 || 874 | 763876| 667627624| 20.5635) 9.5610 
825] 680625) 561515625|28.7228| 9.3780 ||875 | 765625| 660921875/20.5804| 9.5647 
&26| 682276) 563550076|28.7402| 9.3827 || 876 | 767376) 672221376/20.5073 9.5683 
827| 683020) 565609283|28.7576) 9.3865 ||877 | 769129) 674526133|20.6142) 9.5719 
828) 685584) 567663552|28.7750| 9.3002 || 878 | 770884] 676836152|29.6311) 9.5750 
829] 687241) 569722789|28.7924| 9.3040 |/879 | 772641! 679151430|20.6479) 9.5792 
830] 688900| 571787000|28.8007| 9.3078 || 880 | 774400) 681472000|29.6648) 9.5828 
831] 690561) 573856191/28.8271| 9.4016 || 88x | 776161! 683797841/20.6816) 9.5865 
832) 692224) 575030368/28.8444| 9.4053 || 882 | 777924) 686128068 29.6985, 9.5901 
833} 693889] 578009537|28.8617| 9.4091 || 883 | 779689) 688465387\20.7153| 9.5937 
834) 695556] 580093704|28.8791| 9.4129 || 884 | 781456) 690807104/29.7321) 9.5973 
835| 607225] 582182875|28.8964| 9.4166 || 885 | 783225) 693154125|29.74890) 9.6010 
836| 698896| 584277056|28.9137| 9.4204 || 886 | 784996) 695500456|20.7658 9.6046 
837] 700569} 586376253|28.9310| 9.4241 || 887 | 786769) 697864103 29.7825} 9.6082 
838] 702244| 588480472]28.9482| 9.4279 || 888 | 788544) 700227072\29.7093 9.6118 
830] 703921| 590580719|28.9655| 9.4316 || 889 | 790321) 702595309)29.8161 9.6154 
840] 705600] 592704000]28.9828| 9.4354 || 890 | 792100, 704969000|29.8329| 9.6199 
841} 707281] 594823321|29.0000| 9.4391 || 891 | 793881) 707347071/290.8406, 9.6226 
842] 708964| 506047688|29.0172| 9.4429 || 802 | 795664) 700732288)\20.8664' 9.6262 
843] 710649! 599077107|29.0345| 9.4466 || 893 | 797449] 712121957|29.8831| 9.6208 
844) 712336| 601214584/20.0517| 9.4503 || 8904 | 790236) 714516984 29.8908 9.6334 
845| 714025} 603351125|20.0089) 9.4541 || 805 | 801025] 716917375|29.9166 9.6370 
846) 715716) 605405736|29.0861| 9.4578 || 806 oe 710323136|29.9333, 9.6406 
847} 717490) 607645423)20.1033| 9.4615 || 807 5 fee 721734273|20.9500) 9.6442 
848} 719104! 60g8001g92/29.1204| 9.4652 || 808 | 806404) 724150702\29.90066, 9.6477 
849) 720801) 61196004¢/20.1376) 9.4690 || 899 | 808201) 726572699)|29.9833| 9.6513 
850) 722500] 614125000]29.1548| 9.4727 || Q00 810900) 720000000 30.0000, 9.6549 


SQUARES, 


SQUARES, CUBES, SQUARE 
| 


CUBES AND ROOTS 


AND CuBE Roots or NUMBERS 
I TO 1000 


501 


FROM 


Square 


Cube 


Sq. 
Root 


Cube 
Root 


No. 


Square 


Cube 


Sq. 
Root 


Cube 
Root 


811801 
813604 
815409 
817216 
819025 
820836 
822649 
824464 
826281 
828100 


820921 
831744 
833569 
835306 
837225 
839056 
840889 
842724 
844501 
846400 


848241 
850084 
851920 
853776 
855625 
857476 
850320 
861184 
863041 
864900 


866761 
868624 
870489 
872356 
874225 
876096 
877969 
870844 
881721 
883600: 


885481 
887364 
889249 
891136 
893025 
894916 
896809 
898704 
go0060r 
902500 


731432701 
733870808 
736314327 
738763264 
741217625 
743677416 
740142643 
748613312 
751080420 
753571000 


756058031 
758550528 
761048497 
763551044 
766060875 
768575206 
771095213 
773620632 
776151559 
778688000 


781220061 
783777448 
786330467 
788889024 
791453125 
794022776 
796597983 
709178752 
801765080 
804357000 


806954401 
809557568 
812166237 
814780504 
817400375 
820025856 
822656053 
825203672 
827930019 
830584000 


833237621 
835806888 
838561807 
841232384 
843908625 
846590536 
849278123 
851971392 
854670340 
857375000 


30.0167 
30.0333 
30.0500 
30.0666 
30.0832 
30.0908 
30.1164 
30.1330 
30.1496 
30.1662 


30.1828 
30.1003 
30.2159 
30.2324 
30.2490 
30.2655 
30.2820 
30.2085 
30.3150 
30.3315 


30.3480 
30.3645 
30.3809 
39.3074 
30.4138 
30.4302 
30.4467 
30.4031 
39.4795 
30.4959 


30.5123 
30.5287 
30.5450 
30.5014 
30.5778 
30.5041 
30.6105 
30.6268 
30.6431 
30.6504 


30.6757 
30.6920 
30.7083 
30.7246 
30-7409 
39.7571 
39.7734 
30.7806 
30.8058 
30.8221 


9.6585 
9.6620 
9.6656 
9.6692, 
9.6727, 
9.6763 
9.6790) 
9.6834) 
9.6870 
9.6905 


9.6041 
9.6076 
9.7012 
9.7047, 
9.7082 
9.7118, 
90-7153 
9.7188) 
9.7224) 
9.7259) 


9.7204) 
9:7329) 
9.7364) 
9.7400 
9-7435, 
9.7479 
9.7595 
9.7549, 
9.7575 
9.7010, 


9.7645 
9.7680, 
9-715) 
90-7759 
9.7785, 
9.7810 
9.7854 
9.7880) 
9.7924 
9.7959 


0.7903) 
9.8028, 
9.8063 
9.8097 
9.8132 
9.8167 
9.8201 
9.8236, 
9.8270, 


9.8305) | 


904401 
906304 
908200 
gr1or16 
912025 
913036 
915849 
917704 
919681 
921600 


923521 
925444 
027300 
9290206 
931225 
033156 
935080 
937024 
038061 
940900 


042841 
944784. 
9467290 
948676 
950625 


952576, 


954520 
956484 
958441 
960400 


062361 
964324 
966289 
968256 
970225 
072106 
974160 
976144 
978121 
Q80r100, 


982081 
984064 
986049 
988036 
990025 
992016 
904009 
996004, 
998001 
1000000 


860085351 
862801408 
865523177 
868250664 
870983875 
873722816 
876467493 
879217012 
881974079 
884736000 


887503681 
890277128 
893056347 
895841344 
898632125 
901428696 
904231063 
907039232 
909853200 
912673000 


O15408611 
918330048 
921167317 
924010424 
926850375 
920714176 
032574833 
935441352 
038313739 
941192000 


944076141 
940966168 
949862087 
952763004 
955071625 
958585250 
961504803 
964430272 
967361669 
970299000 


973242271 
976191488 
079140057 
982107784 
985074875 
988047936 
991026973 
994011992 
997002999 
TOOOCCOC0O 


30.8383 
30.8545 
30.8707 
30.8869 
30.9031 
30.9192 


30.0354 
30.0516 
30.0677 
30.9839 


31.0000 
31.0161 
31.0322 
31.0483 
31.0644 
31.0805 
31.0966 
31.1127 
31.1288 
31.1448 


31.1609 
31.1769 
31.1929 
31.2090 
31.2250 
31.2410 
31.2570 
31.2730 
|31.2890 
)31.3050 


31.3200 
31.3309 
31.3528 
31.3688 
31.3847 
31.4000 
31.4166 
31-4325 
31.4484 
31.4043 


31.4802 
31.4960 
31.5119 
31.5278 
31.5430 
31.5505 
31.5753 
31.5011 
31.6070 
31.6228 


9.8339 
9.8374 
9.8408 
9.8443 
9.8477 
9.8511 
9.8546 
9.8580 
9-S614 
9.8648 


9.8683 
9.8717 
9.8751 
9.8785 
9.8819 
9.8854 
9.8888 
9.8922 
9.89056 
9.8990 


9.9024 
9.9058 
9.9092 
9.9126 
9.9160 
9.91904 
9.0227 
9.9261 
9.9205 
9.9329 


0.0363 
9.9300 
9.9430 
9.9464 
9.0407 
9.0531 
9.9505 
9.9508 
9.9632 
9.9066 


9.9699 
9-9733 
9.9766 
9.9800 
9.0833 
9.9866 
9.9900 
9.0933 
9.9007 
10,0000 


eas 
fe) 
is) 


AREAS AND CIRCUMFERENCES OF CIRCLES FROM I TO 100 


GENERAL REFERENCE TABLES 


Circum. 


Dia.| Area Circum. ||Dia.| Area Dia.| Area Circum. 
yz| 0.00077 | 0.098175 |!2 3.1416| 6.283195 19.635 | 15.7080 
@4| 0.00173 | 0.147262 || 7x} 3.3410] 6.47953|| ys} 20.129 | 15.9043 
qis| 0-00307 | 0.196350] 4] 3.5466) 6.67588|| £| 20.629 | 16.1007 
yz| 0.00690 | 0.294524] x4] 3-7583| 6.87223]! 48 | 21.135 | 16.2970 
$ | 0.01227 | 0.392699 || 4] 3-9761| 7.06858|| 4] 21.648 | 16.4934 
#2] 0.01917 | 0.490874 || 735] 4.2000] 7.26493) ys] 22.166 | 16.6897 
z¥s| 0.02761 | 0.589049 |} #| 4.4301] 7.46128)| $] 22.691 | 16.8864 
¥z| 0.03758 | 0.687223 || +4] 4.6664} 7.65763]! x] 23.221 | 17.0824 
4 | 0.04909 0.785308 4] 4.9087] 7.85398]] 4] 23.758 | 17.2788 
32 0.06213 | 0.883573] ys] 5-1572| 8.05033|] ys| 24.301 | 17.4751 
Ts 0.07670|0.981748|| &| 5.4119] 8.24668|| %| 24.850 | 17.6715 
43| 0.09281 | 1.07992 || $4) 5.6727} 8.44303]] 44] 25.406 | 17.8678 
$ 0.11045 | 1.17810 Hi 5.9396] 8.63938)|| #] 25.967 | 18.0642 
33] 0.12962 | 1.27627 || tf) 6.2126] 8.83573|| 4§| 26.535 | 18.2605 
1 0.15033 | 1.37445 &| 6.4918] 9.03208]} {| 27.109 | 18.4569 
$| 0.17257) 1.47262 || $8) 6.7771] 9.22843|| 48] 27.688 | 18.6532 
$ | 0.19635 | r.57080 ||3 7.0686] 9.42478||6 | 28.274 | 18.8496 
3 0.22166] 1.66897 |} yy] 7-3662| 9.62113]| 4] 29.465 | 19.2423 
7s| 0.24850} 1.76715 4| 7.6699] 9.81748)| 4] 30.680 | 19.6350 
$3] 0.27688 | 1.86532 || 48:1 7.9798] 10.0138 || #] 31.919 | 20.0277 
5 0.30680 | 1.96350 || 4} 8.2958] 10.2102 || 4] 33.183 | 20.4204 
ie 0.33824 | 2.06167 |] 4%! 8.6179! 10.4065 || $| 34.472 | 20.8131 
t4| 0.37122 | 2.15984 || ¥| 8.9462] 10.6029 || }| 35.785 | 21.2058 
$2] 0-40574] 2.25802 || z%| 9.2806] 10.7992 || {| 37-122 | 27.5984 
£| 0.44179 | 2.35619 ||. $ 9.6211 10.9956 |l7_ | 38.485 | 21.9911 
$3) 0.47937 | 2.45437 || v's} 9-9678| 11.1919 || £| 30.871 | 22.3838 
th 0.51849 | 2.55254 & | 10.321 | 17.3883 t 41.282 | 22.7765 
$51 0.55914| 2.65072 || 14) 10.680 | 11.5846 |] | 42.718 | 23.1692 
£ 0.60132 2.74889 }| 11.045 | 11.7810 |) 4] 44.179 | 23.5619 
#3 0.64504| 2.84707 |} $2) 11.416 | 11.9773 || &| 45.664 | 23.9546 
i 0.69029 | 2.94524. || £| 11-793 | 12-1737 || $] 47-273 | 24.3473 
$2] 0.73708 | 3.04342 || 43) 12.177 | 12.3700 |} £1 48.707 | 24.7400 
I | 0.78540} 3.14159 |l4 | 12.566 | 12.5664 |8 | 50.265 | 25.1327 
ps| 0.88664} 3.33794 || pe] 12.962 | 12.7627 || 4] 51.849 | 25.5224 
# | 0.99402) 3.53429 || §/ 13-364 | 12.9591 i 53-456 | 25.9181 
Ta] 1-1075 | 3.73064 |} 985| 13-772 | 13-1554 55-088 | 26.3108 
t 1.2272 | 3.92609 || +] 14.186 | 13.3518 || 4] 56.745 | 26.7035 
Ts) 1.3530 | 4.12334 zs| 14-607 | 13.5481 &| 58.426 | 27.0962 
#/1-4849 | 4.31969 || #| 15.033 | 13.7445 i 60.132 | 27.4889 
T's] 16230 | 4.51604 || 4%| 15.466 | 13.9408 61.862 | 27.8816 
4| 1.7671 | 4.71239 |] 4| 15.904 | 14.1372 63.617 | 28.2743 
¥r|.1-9175 | 4.90874 || | 16.349 | 14.3335 || $| 65.397 | 28.6670 
§| 2.0739 | 5.10509 |} $| 16.800 | 14.5299 || $| 67.201 | 29.0507 
4) 2.2365 | 5.30144 |] $4) 17.257 | 14.7262 |] #1 60.c29 | 29.4524 
#1} 2.4053 | 5.40779 2) 17.721 | 14.9226 || 4| 70.882 | 29.8451 
$8| 2-§802 | 5.69414 || }4) 18.190 | 15.1189 || | 72.760 | 30.2378 
%| 2.7612 | 5.89049 || $| 18.665 | 15.3153 74.662 | 30.6305 - 
5 
18] 2.9483 | 6.08684 || 43) 19.147 | 15.5116 76.589 | 31.0232 


AREAS AND CIRCUMFERENCES OF CIRCLES 503 


AREAS AND CIRCUMPERENCES OF CIRCLES FROM I TO 100 


Dia Area Circum. ||/Dia.| Area Circum. ||Dia.} Area Circum. 
ro | 78.540] 31.4159 ||16.| 201.06 | 50.2655 ||22 | 380.13 | 69.1150 
$} 80.516] 31.8086 || 4) 204.22 | 50.6582 # 384.46 | 69.5077 
4} 82.516] 32.2073 |} 4] 207.39 | 51.0509 || 4/ 388.82 | 69.9004 
#| 84.541] 32.5940 |] @| 210.60 | 51.4436 || 8! 393.20 | 70.2931 
4) 86.590| 32.9867 4] 213.82 | 51.8363 || 4] 397-61 | 70.6858 
8] 88.664] 33.3794 8] 217.08 | 52.2290 |] 8) 402.04 | 71.0785 
#) 90.763| 33-7721 3) 220.35 | 52.6217 || #2) 406.49 | 71.4712 
$| 92.886] 34.1648 4} 223.65 | 53.0144 || $| 410.97 | 71.8639 
TI | 95.033] 34-5575 ||t7 | 226.98 | 53.4071 |123 | 415.48 | 72.2566 
$| 97-205] 34.9502 #| 230.33 | 53-7998 4| 420.00 | 72.6493 
4] 99.402] 35.3429 4) 233.71 | 54.1925 4+} .424.56 | 73.0420 
4] 101.62 | 35.7356 2| 237.10 | 54.5852 #| 420.13 | 73-4347. 
2] 103.87 | 36.1283 |] 4) 240.53 | 54.9779 |] 3} 433-74 | 73-8274 
$| 106.14 | 36.5210 $| 243.98 | 55.3706 8] 438.36 | 74.2201 
3] 108.43 | 36.9137 || 3] 247-45 | 55-7633 || #| 443.02 | 74-6128 
§ 110.75 | 37.3064 || 4] 250.95 | 56.1560} 41 447.69 | 75.0055 
12 | 113.10 | 37.69gr ||18 | 254.47 | 56.5487 lle4 | 452.39 | 75.3982 
| 115-47 | 38.0918 |) $} 258.02 | 56.9414 || §) 457-14 | 75-7909 
4) 117.86 | 38.4845 4] 261.59 | 57-3341 1) 461.86 | 76.1836 
#| 120.28 | 38.8772 3} 265.18 | 57-7208 || #) 466.64 | 76.5765 
$| 122.72 | 39.2699 4] 268.80 | 58.1195 3} 471.44 | 76.9690 
8} 125.19 | 39.6626 || -$| 272.45 | 58-5122 || 8] 476.26 | 77.3617 
#| 127.68 | 40.0553 #| 276.12 | 58.9049 8) 48.00 | 77-7544 
| 130.19 | 40.4480 4 279.81 | 59.2976 || $| 485.98 | 78.1471 
13 | 132-73 | 40.8407 |/rq | 283.53 | 59-6903 |l25 | 490.87 | 78.5398 
4) £35.30 | 41.2334 || §| 287.27 | 60.0830 || 4] 495.79 | 78-9325 
4) 137.89 | 41.6261 4| 291.04 | 60.4757 4] 500.74 | 79.3252 
#)| 140.50 | 42.0188 2} 294.83 | 60.8684 #) sos.72 | 79-7179 
4] 143.14 | 42.4115 3} 298.65 | 6r.2611 4] 510.71 | 80.1105 
g 145.80 | 42.8042 2} 302.49 | 61.6538 #|. 515.72 | 80.5033 
#} 148.49 | 43.1969 2) 306.35 | 62.0465 #| 520.77 | 80.8960 
$151.20 | 43.5896 || ¢| 310.24 | 62.4392 || $| 525.84 | 81.2887 
14 | 153.94 | 43.9823 ||20 | 314.16 | 62.8319 ||26 | 530.93 | 81.6814 
$156.70 | 44.3750 || $| 318.10 | 63.2246 || 4) 536.05 | 82.0741 
4} 159.48 | 44.7677 1) 322.06 | 63.6173 4| 541.19 | 82.4668 
#| 162.30 | 45.1604 || 3) 326.05 | 64.0100 || #] 546.35 | 82.8595 
$| 165.13 | 45.5531 4} 330.06 | 64.4026 || 4) 551-55 | 83.2522 
8) 167.99 | 45.9458 || 8| 334-10 | 64.7953 || &| 556.76 | 83.6449 
i 170.87 | 46.3385 2) 338.16 | 65.1880 3] 562.00 | 84.0376 
173-78 | 46.7312 §| 342.25 | 65.5807 4| 567.27 | 84.4303 

15 [176.71 | 47.1239 |l2r | 346.36 | 65.9734 |l27 | 572.56 | 84.8230 
$179.67 | 47.5166 || 4] 350.50 66.3661 || $| 577-87 | 85-2157 
4) 182.65 | 47.9093 || 4} 354.06 | 66.7588 || 4| 583.21 | 85.6084 
§) 185.66 | 48.3020 || 3] 358.84 | 67.1515 || #) 588.57 | 86.0011 
4) 188.69 | 48.6947 |] 4} 363.05 | 67.5442 |] 4} 593.96 | 86.3938 
$8) 191.75 | 49.0874 || 8 367.28 | 67.9369 || &| 599.37 | 86.7865 
4} 7948s 49-4801 || 3] 371-54 | 68.3296 || #] 604.81 | 87.1792 

197-93 | 49.8728 ll 4 375.83 | 68.7223 || $1 610.27 


87-5719 


504 GENERAL REFERENCE TABLES 


Dia.| Area Circum. |/Dia.| Area Circum. |Dia.} Area -Circum. 


28 | 615.75 | 87.9646)134 | 907.92] 106.814 |4o | 1256.6 | 125.664 
4| 621.26 | 88.3573 914.61 | 107.207 1264.5 | 126,056 
4) 626.80 | 88.7500 921.32| 107.600 1272.4 | 126.449 
2] 632.36 | 89.1427 928.06| 107.992 1280.3 | 126.842 
4} 637.94 | 89.5354 108,385 1288.2 | 127.235 
&| 643.55 | 89.9281 941.61] 108.788 1296.2 | 127.627 
#) 649.18 | 90.3208 948.42} 109.170 1304.2 | 128.020 
£| 656.84 | 90.7135 955-25| 109.563 1312.2 | 128.413 
29 | 660.52 | 91.1062 1/35 109.956 |41 | 1320.3 | 128.805 
4} 666.23 | 91.4989 969.00} 110.348 1328.3 | 129.198 
4) 671.96 | 91.8916 975.91 | 110.741 1336.4 | 129.591 
#| 677.71 | 92.2843 982.84] II1.134 1344-5 | 129.993 
i 683.49 | 92.6770 TII.527 1352.7 | 130.376 
i 
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689.30 | 93.0697 996.78} 111.919 1360.8 | 130.769 
1003.8 | II2.312 1369.0 | 131.161 
1010.8 | 112.705 1377.2 | 131.554 
113.097 |42 | 1385.4 | 131.947 
1025.0 | 113.490 1393-7 | 132-340 
1032.1 | 113.883 1402.0 | 132.732 
1039.2 | I14.275 1410.3 | 133-125 
1046.3 | 114.668 1418.6 | 133.518 
1053.5 | 115.061 1427.0 | 133.910 
1060.7 | 115.454 1435-4 | 134.303 
115.846 1443.8 | 134.696 
1075.2 | 116.239 |43 | 1452.2 | 135.088 


| 695.13 | 93.4624 
700.98 | 93.8551 
30 | 706.86 | 94.2478 || 
712.76 | 94.6405 
718.69 | 95.0332 
724.64 | 95.4259 
730.62 | 95.8186 
736.62 | 96.2113 
742.64 | 96.6040 
748.69 | 96.9967 
754-77 | 97-3894 37 
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760.87 | 97.7821 1082.5 | 116.632 4) 1460.7 | 135-481 
766.99 | 98.1748 1089.8 | 117.024 4) 1469.1 | 135.874 
773-14 | 98.5675 1097.1 | 117.417 2] 1477.6 | 136.267 
779-31 | 98.9602 1104.5 | 117.810 4) 1486.2 | 136.659 
785.51 | 99.3529 1111.8 | 118.202 8! 1494.7 | 137.052 
791-73 | 99.7456 1119.2 | 118.596 | #} 1503.3 | 137-445 
1126.7 | 118.988 q| 511.9 | 137-837 

32 | 804.25 | 100.531 |/38 | 1134.1 | 119.381 |44 | 1520.5 | 138.230 


1§29.2 | 138.623 
1537-9 | 139.015 
1546.6 | 139.408 
1555-3 | 139.801 
1564.0 | 140.194 
1572.5 | 140.586 
1581.6 | 140.979 
1590.4 | 141.372 
1599.3 | 141.764 
1608.2 | 142.157 
1617.0 | 142.550 
1626.0 | 142.942 
1634-9 | 143.33 

1643.9 | 143.72 

1652.9 | 144.121 


1141.6 | 119.773 
1149.1 | 120.166 


1156.6 | 120.559 
1164.2 | 120.951 
1171.7 | 121.344 
1179.3 | 121.737 
1186.9 | 122.129 
1194.6 | 122.522 |45 
122.915 
1210.0 | 123.308 
1217.7 | 123.700 
1225.4 | 124.093 
1233.2 | 124.486 
1241.0 | 124.878 
1248.8 | 125.271 


810.54 | 100.924 
816.86 | 101.316 
823.21 | 101.709 
829.58 | 102.102 
835.97 | 102.494 
842.39 | 102.887 
848.83 | 103.280 


855.30 | 103.673 ||39 
861.79 | 104.065 


868.31 | 104.458 
874.85 | 104.851 
881.41 | 105.243 
888.00 | 105.636 
894.62 | 106.029 
901.26 | 106.421 


$ 
4 
g 
4 
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i 
$ 
4 
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4] 797-98 | 100.138 
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AREAS AND CIRCUMFERENCES OF CIRCLES 505 


AREAS AND CIRCUMFERENCES OF CIRCLES FROM I TO I00 


Dia Area Circum. ||Dia.| Area Circum. ||Dia Area Circum. 
46 | 1661.9 | 144.513 \\52 | 2123.7 | 163.363 |58 | 2642.1 | 182.212 
4] 1670.9 | 144.906 4| 2133.9 | 163.756 4 2653.5 182.605 
4) 1680.0 | 145.299 4] 2144.2 | 164.148 4) 2664.9 | 182.998 
2) 1689.1 | 145.69% #) 2154.5 | 164.541 3] 2676.4 | 183.390 
4] 1698.2 | 146.084 4] 2164.8 | 164.934 3] 2687.8 | 183.783 
&| 1707.4 | 146.477 8] 2175.1 | 165.326 |] 8! 2699.3 | 184.176 
#) 1716.5 | 146.869 2) 2185.4 | 165.719 #) 2710.9 | 184.569 
$| 1725.7 | 147.262 4| 2195.8 | 166.112 $| 2722.4 | 184.961 
47 | 1734.9 | 147.655 |I53 | 2206.2 | 166.504 II59 | 2734.0 | 185.354 
4| 1744.2 | 148.048 4| 2216.6 | 166.897 4 2745.6 | 185.747 
4} 1753-5 | 148.440 |] 4] 2227.0 | 167.290 || 4 2757.2 | 186.139 
$| 1762.7 | 148.83 || 2] 2237.5 | 167.683 || 3) 2768.8 | 186.532 
4] 1772.1 | 149.226 || 4] 2248.0 | 168.075 || 4) 2780.5 | 186.925 
8] 1781.4 | 149.618 2| 2258.5 | 168.468 8] 2792.2 | 187.317 
#| 1790.8 | 150.011 2) 2269.1 | 168.861 3! 2803.9 | 187.710 
$| 1800.1 | 150.404 || $| 2279.6 | 169.253 $| 2815.7 | 188.103 
48 | 1809.6 | 150.796 ||54 | 2290.2 | 169.646 |]60 | 2827.4 | 188.496 
$| 1819.0 | 151.189 $| 2300.8 | 170.039 4| 2839.2 | 188.888 
4] 1828.5 | 151.582 4} 2311.5 | 170.431 4} 2851.0 | 189.281 
#| 18379 | 151.975 #| 2322.1 | 170.824 3) 2862.9 | 189.674 
4) 1847.5 | 152.367 4| 2332.8 | 171.217 4| 2874.8 | 190.066 
#| 1857.0 | 152.760 81 2343.5 | 171.609 2| 2886.6 | 190.459 
3) 1866.5 | 153.153 || #] 2354.3 | 172.002 3) 2898.6 | 190.852 
4 1876.1 | 153.544 || $| 2365.0 | 172.395 $| 2910.5 | 191.244 
49 | 1885.7 | 153.938 |Is5.| 2375-8 | 172-788 ||6x | 2922.5 | 191.637 
3] 1895.4 | 154.331 4] 2386.6 | 173.180 |] 4] 2934.5 | 192.030 
4 1905.0 | 154.723 |] 4) 2397-5 | 173-573 || 4] 2946-5 | 192-423 
#| 1914.7 | 155-116 || #| 2408.3 | 173.966 || 3] 2958.5 | 192.815 
4] 1924.2 | 155.509 4] 2419.2 | 174.358 4) 2970.6 | 193.208 
8] 1934.2 | 155.904 || | 2430.1 | 174.751 2| 2982.7 | 193.60r 
i} 1943.9 | 156.204 || 9] 2441.r | 175-144 || Z| 2994.8 | 193.993 
4| 1953-7 | 156.687 4| 2452.0 | 175.536 || | 3006.9 | 194.386 
5° | 1963.5 | 157.080 |\56 | 2463.0 | 175.929 ||62 | 3019.1 | 194-779 
$| 1973-3 | 157-472 || 4] 2474.0 | 176.322 || 3} 3031-3 | 195-171 
}| 1983.2 | 157.865 || 4] 2485.0 | 176.715 || 4) 3043-5 | 195.564 
#| 1993-1 | 158.258 || 2] 2496.1 | 177.107 || #8) 3055-7 | 195-957 
4] 2003.0 | 158.650 3| 2507.2 | 177.500 || 4] 3068.0 | 196.350 
8) 2012.9 | 159.043 || $| 2518.3 | 177-893 || 3} 3080-3 | 196.742 
#| 2022.8 | 159.436 || #] 2529.4 | 178.285 || #| 3092.6 | 197.135 
#| 2032.8 | 159.829 || 4] 2540.6 | 178.678 || 4 3104.9 | 197-528 
5I | 2042.8 | 160.221 |I57 | 2551.8 | 179.071 |163 | 3117-2 | 197.920 
4} 2052.8 | 160.614 || 4] 2563.0 | 179.463 4 3129.6 | 198.313 
| 2062.9 | 161.007 || 4] 2574.2 | 179.856 || 4) 3142.0 | 198.706 
$| 2073.0 | 16r.399 || #| 2585.4 | 180.249 || #] 3154-5 | 199.008 
4) 2083.1 | 161.792 4) 2596.7 | 180.642 4) 3166.9 | 199.491 
8| 2093.2 | 162.185 8) 2608.0 | 181.034 || | 3179-4 | 199.884 
2] 2103.3 | 162.577 || #| 2619.4 | 181.427 || #] 3191-9 | 200.277 
#1 2113.5 | 162.970 || ZI 2630.7 | 181.820 !! $1 3204.4 | 200.069 


506 GENERAL REFERENCE TABLES 


AREAS AND CIRCUMFERENCES OF CIRCLES FROM 1 TO 100 


Dia.| Area Circum. |[Dia. Area Cireum. {|Dia.| Area Circum. 
64 | 3217.0 | 201.062 |I70 | 3848.5 | 219.911 ||76 | 4536.5 | 238.761 
4} 3229.6 | 201.455 || 4] 3862.2 | 220.304 || 4] 4551-4 | 230.154 
4) 3242.2 | 201.847 4| 3876.0 | 220.697 4| 4506.4 | 239.546 
#) 3254.8 | 202.240 #| 3889.8 | 221.090 8] 4581.3 | 239.939 
4] 3267.5 | 202.633 || 4] 3903-6 | 221.482 4) 4596.3 | 240 332 
2) 3280.1 | 203.025 8] 3917-5 | 221.875 8} 4611.4 | 240.725 
4) 3292.8 | 203.418 || #] 3031-4 | 222.268 || #| 4626.4 | 241.117 
4 3305-6 | 203.811 4] 3945-3 | 222.660 §| 4641.5 | 241.510 
65 | 3328.3 | 204.204 |71 | 3959.2 | 223.053 |/77 4656.6 | 241.903 
4| 3331-1 | 204.596 4| 3973-1 | 223-440 4] 4671.8 | 242.295 
}} 3343-9 | 204.980 || 4] 3987.1 | 223.838 || 4| 4086.9 | 242.688 
#| 3356.7 | 205.382 @| qoor.r | 224.231 4702.1 | 243.081 
4) 3369.6 | 205.774 4] 4015.2 | 224.624 4717-3 | 243-473 
§| 3382.4 | 206.167 Ri 4029.2 | 225.017 4732.5 | 243.866 
4] 3395-3 | 206.560 || 4} 4043.3 | 225-409 || #] 4747.8 | 244.259 
4 3408.2 | 206.952 4| 4057.4 | 225.802 4763.1 | 244.652 
66 | 3421.2 | 207.345 |[72 | 4071.5 | 226.195 |I78 | 4778.4 | 245.044 
4] 3434-3 | 207-738 || 3] 4085.7 | 226.587 || 4] 4793-7 245-437 
4| 3447-2 | 208.131 4! 4099.8 | 226.930 || 4) 4809.0 | 245.830 
3460.2 | 208.523 #| 4114.0 | 227.373 4824.4 | 246.222 
3473-2 | 208.916 4| 4128.2 | 227.765 4839.8 | 246.615 
3486.3 | 209.3009 8] 4142.5 | 228.158 4855.2 | 247.008 
3499.4 | 209.701 4/ 4156.8 | 228.551 3) 4870.7 | 247.400 
3512.5 | 210.094 417i.t | 228.944 4886.2 | 247.793 

67 | 3525-7 | 210.487 |'73 | 4185.4 | 229.336 |I79 | 4901.7 | 248.186 
3538.8 | 210.879 4199.7 | 229.729 || 4} 4917.2 | 248.579 
3552.0 | 211.272 4214.1 | 230.122 | 4| 4932.7 | 248.971 
3565.2 | 211.665 4228.5 | 230.514 | 4948.3 | 249.364 
3578.5 | 212.058 4242.9 | 230.907 || 4! 4963-9 | 249.757 
3591.7 | 212.450 4257-4 | 231.300 4979-5 | 250-149 
3605.0 | 212.843 4271.8 | 231.692 4995.2 | 250.542 
3618.3 | 213.236 4286.3 | 232.085 5010.9 | 250.935 

68 | 3631.7 | 213.628 |/74 | 4300.8 | 232.478 |80 | 5026.5 | 251.327 


3645.0 | 214.021 
3658.4 | 214.414 
3671.8 | 214.806 
3685.3 | 275.199 
3698.7 | 215.592 
3712.2 | 215.984 
3725-7 | 216.337 
3739-3 | 216.770 175 
3752.8 | 217.163 
3796.4 | 217-555 
3780.0 | 217.948 
3793-7 | 218.341 
3807.3 | 218.733 
3821.0 | 219.126 
3834.7 | 219.519 


4329.9 | 233.263 5058.0 | 252.113 
4344.5 | 233.656 5073.8 | 252.506 
4359-2 | 234.049 5089.6 | 252.898 
4373-8 | 234-441 5105-4 | 253.201 
4388.5 | 234.334 5121.2 | 253.084 
4403.1 | 235.227 5137-1 | 254.076 
4417.9 | 235.619 |81 | 5153.0 | 254.469 
4432.6 | 236.012 5168.9 | 254.862 
4447-4 | 236.405 5184.9 | 255.254 
4462.2 | 236.798 5200.8 | 255.647 
4477.0 | 237.190 5216.8 | 256.040 
4491.8 | 237.583 5232.8 | 256.433 
4506.7 | 237.976 §248.9 | 256.825 
4521.5 | 238.368 | 5264.9 | 257.218 


{ 
4 
a 
§ 
§ 
i 
& 
4 
8 
3 
8 
i 
4 
4315.4 | 232.871 : eer 251.720 
i 
3 
8 
i 
g 
t 
1 
8 
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AREAS AND CIRCUMFERENCES OF CIRCLES FROM I TO 100 


Dia.| Area Circum. Dia. Area Circum. |Dia.| Area Circum. 
82 | 5281.0 | 257.611 |i88 | 6082.1 | 276.460 |94 | 6939.8 | 295.310 
#| 5297-1 | 258.003 || 4 6099.4 | 276.853 |) 4] 6958.2 | 205.702 
4] 5313-3 | 258.390 |] 4) 6256.7 | 277-846 || 4) 6976.7 | 296.095 
$| 5329-4 | 258.789 || 8} 6134.1 | 277.638 || §) 6995.3 | 296.488 
4) 5345-6 | 259.181 H 6rs1.4 | 278.031 4] 7013.8 | 296.881 
8] 5361.8 | 259.574 6168.8 | 278.424 || 3] 7032.4 | 297.273 
i 5378-1 | 259.967 || }) 6186.2 | 278.816 || #) 7051.0 | 297.666 
5394.3 | 260.350 $; 6203.7 | 279.209 || | 7069.6 | 298.059 

83 | 5410.6 | 260.752 |I8o INecance 279.602 |I95 | 7088.2 | 298.451 
4] 5426.9 | 261.145 || 4) 6238.6 | 279.994 || 4] 7106.9 | 298.844 
}} 5443.3 | 261.538 4) 6256.1 | 280.387 4] 7125.6 | 299.237 
# 5459.6 | 261.930 || 3) 6273.7 | 280.780 || #] 7144.3 | 299.629 
5476.0 | 262.323 4, 6291.2 | 281.173 4] 7163.0 | 300.022 

i 5492.4 | 262.716 || 8 6308.8 | 281.565 || 8} 7181.8 | 300.415 
5508.8 | 263.103 #| 6326.4 | 281.958 || #| 7200.6 | 300.807 

i 5525-3 | 263.501 4| 6344.1 | 282.351 4 7219.4 | 301.200 
84 | 5541.8 | 263.894 |lp0 | 6361.7 | 282.743 |196 | 7238.2 | 301.593 
4] 5558.3 | 264.286 || 4] 6379.4 | 283.136 || 4] 7257.1 | 301.986 
4) 5574.8 | 264.679 || 4} 6397.1 | 283.529 || 4) 7276.0 | 302.378 
#} §501-4 | 265.072 || #/ 6414.9 | 283.921 || 8] 7294.9 | 302.771 
2 5607.9 | 265.465 $| 6432.6 | 284.314 $| 7313.8 | 303.164 
§} 5624.5 |°265.857 || & 6450.4 | 284.707 || 8) 7332.8 | 303-556 
#) 5641.2 | 266.250 || #1! 6468.2 | 285.100 || #| 73§x.8 | 303.949 
j 5657.8 | 266.643 || 4| 6486.0 | 285.492 || | 7370.8 | 304.342 
85 | 5674.5 | 267.035 lot | 6503.9 | 285.885 |197 | 7389.8 | 304.734 
$] 5691.2 | 267.428 || 4) 6521.8 | 286.278 |] $| 7408.9 | 305.127 
4| 5707.9 | 267.821 4| 6539.7 | 286.670 || 4] 7428.0 | 305.520 
$] 5724.7 | 268.213 || 3} 6557.6 | 287.063 || | 7447.1 | 305.913 
3] 5741.5 | 268.606 |} 4] 6575.5 | 287.456 || 4] 7466.2 | 306.305 
8| 5758.3 | 268.099 || 8) 6593.5 | 287.848 || 8] 7485.3 | 306.698 
#/ 5775-1 | 269.392 || 3] 6611.5 | 288.2qx |] #] 7504.5 | 307.091 
4] 5791.9 | 269.784 || {| 6629.6 | 288.634 || 4] 7523-7 | 307-483 
86 | 5808.8 | 270.177 |lo2 | 6647.6 | 289.027 |198 | 7543.0 | 307-876 
$| 5825.7 | 270.570 || 4) 6665.7 | 289.419 || $| 7562.2 | 308.269 
4| 5842.6 | 270.962 || 4] 6683.8 | 289.812 || 4) 7581.5 | 308.661 
8] 5859.6 | ‘273.355 ; 6701.9 | 290.205 || | 7600.8 | 309.064 
$| 5876.5 | 271.748 6720.1 | 290.597 || 4] 7620.1 | 309.447 
&| 5893.5 | 272.140 8| 6738.2 | 290.990 || 8] 7639-5 | 309.840 
# 5910.6 | 272.533 1] 6756.4 | 291.383 H 4658.9 | 310.232 
$| 5927.6 | 272.926 || $| 6774.7 | 201.775 || $| 7678.3 | 310.625 
87 | 5944.7 | 273-319 |lo3 | 6792.9 | 292.168 |og | 7697.7 | 311.018 
4] 5061.8 | 273.711 || 3] 6811.2 | 202.561 || 4) 7717-1 | 311-410 
4} 5978.9 | 274.104 |] 4) 6829.5 | 292.954 || 4] 7736.6 | 311-803 
$] 5996.0 | 274.497 || 3] 6847.8 | 293.346 || 3] 7756-1 | 312.196 
4] 6013.2 | 274.889 || 4) 6866.1 | 293.739 || 4] 7775-6 | 312.588 
8} 6030.4 | 275.282 §|6884.5 | 294.132 || &| 7795.2 | 312.98 

1] 6047.6 | 275.675 || 3] 6902.9 | 204.524 || 4] 7814.8 | 313.374 
4! 6064.9 | 276.067! § 6921.3 | 204.917" #! 7834.4 | 313-767 


508 


GENERAL REFERENCE TABLES 


AREAS AND CIRCUMFERENCES OF CIRCLES FROM I00 TO 1000 
Diam.| Area. Circum. || Diam. Area | Circum. || Diam. Area | Circum. 
| 

100 7853.98| 314.16 150 17671.46| 471.24 200 31415.93| 628.32 
IOI 8011.85] 317.30 151 17907.86| 474.38 201 | 31730.87; 631-46 
102 8171.28] 320.44 152 18145.84| 477-52 202 | 32047.39| 634.60 
103 | 8332.29] 323.58 || 153 | 18385.30] 480.06 || 203 | 32365.47| 637-74 
104 8494.87| 326.73 154 | 18626.50| 483.81 204 | 32685.13} 640.88 
105 8659.01) 329.87 155 18869.19| 486.95 205 | 33006.36| 644.03 
106 8824.73] 333-01 156 19113.45| 490.00 206 | 33320.16| 647.17 
107 8992.02} 336.15 157 | 19359.28| 403.23 207 | 33053.53) 650.31 
108 9160.88) 339.20 158 | 19606.68) 496.37 208 | 33070-47| 653-45 
109 9331-32) 342-43 159 | 19855-65] 499.51 2090 | 34306.98 656.50 
I10 9503.32] 345.58 160 | 20106.19] 502.65 210 | 34636.06| 659.73 
I1r 9676.89) 348.72 161 20358.31| 505.80 211 34006.71| 662.88 
112 9852.03] 351.86 162 20611.99| 508.94 212 | 35208.94| 666.02 
113 10028.75|} 355.00 163 20867.24| 512.08 213 35632.73| 660.16 
114 | 10207.03) 358.14 164 | 21124.07| 515.22 214 | 35968.09| 672.30 
Its 10386.89| 361.28 165 | 21382.46) 518.36 215 | 36305.03| 675.44 
116 | 10568.32) 364.42 166 | 21642.43| 521.50 216 | 36643.54| 678.58 
117 10751.32| 367.57 167 21903.07| 524.65 217 360983.61| 681.73 
118 10935.88| 370.71 168 22167.08| 527.79 218 | 37325.26) 684.87 © 
119 III22.02] 373.85 169 22431.76| 530.93 219 37668.48) 688.01 
120 | 11309.73| 376.00 170 | 22608.01| 534.07 220 | 38013.27| 601.15 
r2I I1499.01| 380.13 171 22965.83| 537.21 221 38350.63| 694.29 
122 11689.87| 383.27 172 23235.22| 540.35 222 38707.56, 607-43 
123 11882.29| 386.42 173 23506.18) 543.50 223 39057.07, 700.58 
124° | 12076.28) 389.56 174 | 23778.71| 546.64 224 | 39408.14| 703.72 
125 12271.85| 392.70 175 24052.82| 5409.78 225 39760.78| 7006.86 
126 | 12468.98) 305.84 176 | 24328.49| 552.92 226 | 40115.00) 710,00 
127 12667.69| 3098.98 177 24605.74| 456.06 227 40470.78) 713.14 
128 | 12867.96| 402.12 178 | 24884.56) 559.20 228 | 40828.14! 716.28 
129 13069.81| 405.27 179 25164.94, 562.35 229 | 41187.07| 719.42 
130 13273.23| 408.41 180 | 25446.90; 565.49 230 | 41547.56| 722.57 
131 13478.22] 411.55 181 25730-43, 568.63 231 41909.63) 725.71 
132 13684.78) 414.69 182 26015. 53) 571-77 232 42273.27| 728.35 
133 13892.91| 417.83 183 26302.20) 574.91 233 42638.48| 731.90 
134 | 14102.61) 420.97 184 | 26590.44! 578.05 234 | 43005.26 735.13 
135 14313.88]} 424.12 185 26880.25; 581.19 235 43373.61| 738.27 
130 | 14526.72| 427.26 186 | 27171.63 584.34 236 | 43743-54 741-42 
137 | 14741.14) 430.49 || 187 | 27464.50| 587.48 || 237 | 44115.03, 744.50 
138 | 14957-12| 433.54 1883 | 27759-11) 500.62 238 | 44488.09) 747-70 
139 | 15174.68) 436.08 189 | 2805521) 593.76 239 44862.73| 750.84 
140 | 15303.80) 439.82 190 | 23352.87) 596.90 240 | 45238.93| 753.08 
141 |} 15614.50) 442.06 191 | 28652.11| 600.04 241 | 45616.71| 757.12 
142 15836.77| 446.11 192 28952.92| 603.19 242 45900.06| 760.27 
143 | 16060.61] 449.25 193 | 29255.30| 606.33 243 | 40376.98) 763.41 
144 | 16286.02] 452.39 || 194 | 20550.25| 600.47 || 244 | 46750.47| 766.55 
145 | 16513.00] 455.53 195 | 20864.77| 612.61 245 | 47143-52| 769.69 
146 | 16741.55| 458.67 196 30171.86) 615.75 246 | 47520.16) 772.83 
147 16971.67| 461.81 197 30480.52! 618.89 247 47916.36| 775.07 
148 17203.36| 464.06 198 | 30790.75| 622.04 248 | 48305. 13| 779.11 
149 | 17436.62| 468.10 199 | 31102.55| 625.18 249 48695.47| 782.26 


AREAS AND CIRCUMFERENCES 


5°9 


ARrAS AND CIRCUMFERENCES OF CIRCLES FROM 100 TO 1000 


Diam.| Area | Circum.}|Diam.| Area | Circum. |} Diam. Area |{Circum. 
250 |°49087.39| 785.40 300 | 70685.83} 942.48 350 6211.28] 1099.56 
251 49480.87| 788.54 301 | 71157.86| 945.62 351 96761.84| 1102.70 
252 | 49875-92| 701.68 || 302 | 71631.45! 948.76 || 352 97313-97| 105.84 
253 50272.55| 704.82 303 | 72106.62| 951.90 353 97867.68| 1108.98 
254 | 50670.75| 797.96 || 304 | 72583.36; 955.04 || 354 | 98422.96] 1112.12 
255 51070.52| 801.11 305 | 73061.66} 958.19 355 98979.80} I115.27 
256 | 51471.85} 804.25 306 | 73541.54) 961.33 356 00538.22| 1118.41 
257 | 51874.76) 807.39 307 | 74022.99| 964.47 || 357 | 100098.21} 1121.55 
258 52279.24] 810.53 308 | 74506.0r| 0967.61 358 | 100659.77| 1124.69 
259 | 52685.29]} 813.67 || 309 | 74990.60) 970.75 || 359 | 101222.90] 1127.83 
260 | 53092.92] 816,81 310 | 75476.76| 973.80 360 | 101787.60] 1130.97 
261 53502.11| 819.96 31I | 75964.50) 977.04 361 102353-87| 1134.11 
262 53912.87} 823.10 312 | 76453.80} 980.18 362 102921.72| 1137.26 
263 54325.21| 826.24 313 | 76944.67| 983.32 363 | 103491.13| 1140.40 
264 | 54739.11] 829.38 314 | 77437-12| 986.46 364 | to4o62.12| 1143.54 
265 | $5154.59) 832.52 3I5 | 77031-13| 980.60 || 365 | 104634.67| 1146.68 
266 | 55571.63| 835.66 316 | 78426.72] 902.74 366 | 105208.80} 1149.82 
267 | 55900.25| 838.81 317 | 78023.88} 9095.88 || 367 | 105784.40| 1152.06 
268 56410.44| 841.95 318 | 79422.60) 909.03 368 | 106361.76| 1156.11 
260 50832.20] 845.09 319 | 79922.90|) 1002.17 369 | 106940.60} 1159.25 
270 | 57255.53| 848.23 320 | 80424.77| 1005.31 370 | 107521.01| 1162.39 
271 57680.43| 851.37 321 | 80928.21| 1008.45 371 | 108102.99| 1165.53 
272 | 58106.90) 854.51 322 | 81433.22| rorr.59 || 372 | 108686.54| 1168.67 
273 | 58534-0904; 857.65 323° | 81939.80| 1014.73 373 | 109271.66| 1171.81 
274 | 58064.55) 860.80 324 | 82447.96| 1017.88 || 374 | 109858.35| 1174.96 
275 | 50395-74| 863.04 || 325 | 82957.68) 1021.02 || 375 | 110446.62| 1178.10 
276 | 50828.40| 867.08 || 326 83468.08) 1024.16 || 376 | 111036.45| 1181.24 
27 60262.82| 870,22 32 83981.84| 1027.30 377 111627.86} 1184.38 
27 60608.71| 873.36 328 | 84406.28] 1030.44 378 | 112220.83| 1187.52 
279 | 61136.18) 876.50 329 | 85012.28} 1033-58 379 | 112815.38] 1190.66 
280 | 61575.22| 870.65 330 | 85520.86| 1036.73 || 380 | 143411.49] 1193-81 
281 | 62015.82} 882.79 331 | 86049.01] 1039.87 381 | 114009.18| 1196.95 
282 | 62458.00} 885.93 332 | 86569.73} 1043.01 382 | 114608.44| 1200.09 
283 | 620901.75| 880.07 333 | 87092.02] 1046.15 383 | 115209.27| 1203.23 
284 | 63347-07| 802.21 334 | 87615.88] 1049.29 || 384 | 115811.67| 1206.37 
285 | 63793-97| 805-35 || 335 | 88r41.31] 1052.43 || 385 | 116415.64| 1209.51 
286 64242.43| 898.50 336 | 88668.31| 1055.58 386 | 117021.18] 1212.65 
287 64692.46| gor.64 337. | 89196.88| 1058.72 387 | 117628.30] 1215.80 
288 | 65144.07} 904.78 338 | 89727.03| 1061.86 388 | 118236.98} 1218.94 
289 | 65507.24| 907.92 339 | 90258.74| 1065.00 389 | 118847.24] 1222.08 
290 | 66051.90] 9Ir.06 340 | 90792.03}] 1068.14 || 390 | 119459.06] 1225.22 
201 66508.30|} 914.20 341 | 91326.88] 1071.28 391 120072.46| 1228.36 
292 66066.19) 917.35 342 | 91863.31] 1074.42 392 | 120687.42| 1231.50 
203 | 67425.65| 920.49 || 343 | 92401.31) 1077.57 || 393 | 121303.96] 1234.65 
204 67886.68} 923.63 344 | 92940.88} 1080.71 304 | 121922.07| 1237-79 
205 | 68349.28) 926.77 || 345 | 93482.02] 1083.85 || 305 | 122541-75] 1240.93 
206 | 68813.45] 929.91 346 | 94024.73| 1086.99 || 306 | 123163.00) 1244.07 
207 | 60279.19| 933-05 || 347 | 94569.0r| 1090.13 || 397 | 123785-82) 1247.21 
298 69746.50| 936.19 348 | 95114.86| 1093.27 398 | 124410.21| 1250.35 
299 | 70215.38| 939.34 349 | 95662.28} 1096.42 399 | 125036.17| 1253.50 


510 


GENERAL REFERENCE TABLES 


AREAS AND CIRCUMPERENCES OF CIRCLES FROM I00 TO 1000 


Diam. 


400 
4oL 
4o2 
493 
404 
405 
406 
4°07 
4o8 
409 


4Io 
4ir 
4l2 
413 
414 


Area 


125663.71 
126292.31 
126923.48 
127555-73 
128180.55 
128824.03 
129461.59 
130100.42 
130740.52 
131382.19 


132025.43 
132070.24 
133310.63 
133904-58 
134014.10 
135205.20 
135917.86 
136572.10 
137227-01 
137885.29 


138544-24 
139204.76 
139860.85 
140530.51 
141195.74 
141862.54 
142530.92 
143200.86 
143872.38 
144545-40 


145220.12 
145890.35 
146574.15 
147253-52 
147934.46 
148616.07 
149301.05 
1409080.70 
150073.03 
151302.72 


152053.08 
1§2745.02 
15343353 
154133-00 
154830.25 
1§5528.47 
156228.26 
1560929.62 
1§7632.55 
158337-06 


1256.64 
1259.78 
1262.92 
1266.06 
1269.20 
1272.35 
1275.49 
1278.03 
1281.77 
1284.01 


1288.05 
1291.19 
1204.34 
1207.48 
1300.62 
1303.70 
1300.90 
1310.04 
1313.19 
1316.33 


1319.47 
1322.61 
1325-75 
1328.89 
1332.04 


1335-18 
1338.32 
1341.46 
1344.00 
1347-74 


1350.88 
1354-03 
1357-17 
1360.31 
1363-45 
1300.59 
1369-73 
1372.88 
1376.02 
1379-16 


1382.30 
1585-44 
1388.5 

1301.73 
1304.87 
1308.01 
1401.15 
1404.20 
1407-43 
1410.58 


Circum, 


Diam.| Area 
450 | 159043-13 
450 | 159750.77 
452 | 160450.99 
453 | 101170.77 
454 | 161883.13 
455 | 162597-05 
450 | 16331255 
457 | 164029.62 
458 | 164748-26 
459 | 165408.47 
460 | 166190.25 
461 | 166913.60 
462 | 167638.53 
463 | 168305.02 
464 | 169093.08 
465 | 169822.72 
466 | 170553.92 
467 | 171286.70 
408 | 172021.05 
469 | 172756.97 
479 | 173494-45 
470 174233-51 
472 | 174974-14 
473. | 17§710.35 
474 | 176460.12 
475 | 177205.46 
476 | 177952-37 
477 | 173700.86 
478 | 179450-91 
479 | 180202.54 
480 | 180955.74 
481 | 181710.50 
482 | 182466.84 
483 | 183224.75 
484 | 183984.23 
485 | 184745.28 
486 | 185507.90 
487 | 186272.10 
488 | 187037.86 
489 | 187805.19 
490 | 183574.50 
491 | 189344.57 
492 | 190110.62 
493 | 190890.24 
494 | 191665.43 
495 | 192442.18 
496 | 193220.51 
497 | 194000.41 
498 r9478i-So) 
499 193564.93| 


Cirecum. 


1413-72 
1410.86 
1420.00 
1423-14 
1426.28 
1420.42 
1432-57 
1435-71 
1438.85 
1441.99 


1445.13 
1448.27 
1453.42 
1454.5 
1457-70 
1460.84 
1463.98 
1467.12 
1470.27 
1473-40 


1479.55 
1479-00 
1482.83 
1485.07 
1489.11 
1492.26 
1495.40 
1408.54 
1501.08 
1504.82 


1507.96 
I511,11 
1514.25 
1$17.39 
1520.53 
1523.07 
1520.81 


1529.96 - 


1533.10 
1530.24 


1539.38 
1542.52 
1545.06 
1548.81 
1551.05 
1555.09 
1558.23 
1561.37 
1564.51 
1507.05 


| 
‘Diam. 


500 
gor 
502 
503, 
§04 
595 
506 
597 
505 
509 


510 
51 
512 
513 
514 
515 
516 
517 
518 
519 


520 
521 
522 
523, 
524 
525 
526 
527 
528 
529 


530 
531 
532 
533 
534 
535 
536 
537 
533 
539 


540 
54t 
542 
543 
544 
545 
540 
547 
548 
549 


Area 


196349.54 
107135-72 
197923-48 
198712.80 
199503-70 
200200.17 
201090.20 
201885 .81 
202682.09 
203481.74 


204282.06 
205083.95 
205887.42 
206692.45 
207499-05 
208307.23 
200116.97 
209928.29 
210741.18 
211555.03 


212371.66 
213189.26 
214008.43 
214829.17 
215651.49 
216475-37 
217300.82 
218127.85 
218056.44 
219786.61 


220618.34 
221451.05 
222286.53 
223122.98 
223961.00 
224800.59 
2256041.75 
226484.48 
neers 
228174.00 


229022.10 
229871.12 
230721.71 
231573.86 
232427.59 
233282.80 
234130.76 
2340998.20 
235858.21 
236719.79 


Cirem. 


1570.80 
1573-04 
1577-08 
1580.22 
1583-36 
1580.50 
1580.65 
1592.79 
1505.03 
1599.07 . 


1602.21 
1605.35 
1608.50 
1611.64 
1614.78 
1617.92 
1621.00 
1624.20 
1627.34 
1630.49 


1633.03 
1636.77 
1639-91 
1043-05 
sorae 
1040-34 
1652.48 
1655.62 
1658.76 
1667.90 


1665.04 
1668.19 
1671.33 
1674.47 
1677.61 
1680.75 
1883.89 
1687.04 
1690.18 
1693.32 


1696.46 
1699.60 
1702.74 
1705.88 
1709.03 
1712.27 
1715.31 
1718.45 
1721.50 
1724.73 


a 


AREAS AND CIRCUMFERENCES Si 
AREAS AND CIRCUMFERENCES OF CIRCLES FROM I00 TO 1000 
Diam.| Area Circum. ||Diam Area Cireum. | Diam Area |Circum. 
550 | 237582.04| 1727.88 || 600 | 282743.34| 1884.96 || 650 | 331830.72] 2042.04 
55E | 238447-67| 1731.02 || 601 | 283686.60) 1888.10 || 651 | 332852.53] 2045.18 
552 | 230313-06) 1734.16 || 602 | 284631.44| 1891.24 || 652 | 333875.90] 2048.32 
553 | 240181.83) 1737.30 || 603 | 285577.84| 1804.38 || 653 | 334000.85| 2051.46 
554 | 241051.26| 1740.44 || 604 | 286525.82| 1897.52 || 654 | 335927.36| 2054.60 
555 | 241922.27| 1743.58 || 605 | 287475.36) 1900.66 || 655 | 336055.45| 2057.74 
556 | 242794.85| 1746.73 || 606 | 288426.48) 1903.81 || 656 | 337985.10| 2060.88 
557 | 243668.90| 1749.87 || 607 | 289379.17| 1906.95 || 657 | 339016.33} 2064.03 
558 | 244544.71| 1753.01 || 608 | 290333-43| 1910.09 || 653 | 340040.13| 2067.17 
§59 | 245422.00] 1756.15 || 609 | 291289.26) 1913.23 || 659 | 341083.50] 2070.31 
560 | 246300.86] 1759.29 || 610 | 292246.66, 1916.37 || 660 | 342110.44| 2073.45 
56x -| 247181.30| 1762.43 || Orr | 293205.63) 1919.51 || 661 | 343156.95| 2076.50 
562 | 248063.30| 1765.58 || 612 | 294166.17| 1922.65 || 662 | 344106.03| 2079.73 
563 | 248946.87] 1768.72 || 613 | 295128.28) 1925.80 || 663 | 345236.69] 2082.88 
564 | 249832.01| 1771.86 || 614 290091.97) 1928.94 || 664 | 346278.91| 2086.02 
565 | 250718.73} 1775-00 || 615 | 297057.22) 1932.08 || 665 | 347322.70| 2089.16 
566 | 251607.01| 1778.14 |} 616 | 298024.05| 1935.22 || 666 | 348368.07| 2092.30 
567 | 252406.87| 1781.28 || 617 | 208002.44) 1938.36 || 667 | 349415.00] 2095.44 
568 | 253388.30| 1784.42 || 618 | 209062.41, 1941.50 || 668 | 350463.51] 2098.58 
569 | 254281.29] 1787.57 || 619 | 300033-95) 1944.65 || 669 | 351513-59| 2101.73 
570 | 255175.86] 1790.71 || 620 | 301907.05) 1047-79 || 670 | 352565.24| 2104.87 
571 | 256072.00] 1793.85 || 621 | 302881.73| 1950.93 || 671 | 353618.45| 2108.01 
572 | 256969.71| 1796.99 || 622 | 303857-98) 1054.07 || 672 | 354673-24) 2111.15 
573 | 257868.99} 1800.13 || 623 | 304835.80, 1957.21 || 673 | 355720.60) 2114.20 
574 | 258769.85| 1803.27 || 624 | 305815.20) 1960.35 || 674 | 356787.54| 2117.43 
§75 | 259672.27] 1806.42 || 625 | 306706.16| 1963.50 || 675 | 357847.04| 2120.58 
576 | 260576.26] 1809.56 || 626 | 307778.69) 1066.64 || 676 358008.11| 2123.72 
577. | 261481.83} 1812.70 || 627 | 308762.79| 1969.78 || 677. | 350070.75| 2126.86 
578 | 262388.96| 1815.84 || 628 | 300748.47| 1972.92 || 678 | 361034.97| 2130.00 
579 | 263297.67| 1818.98 || 629 | 310735-71| 1976.06 || 679 | 362100.75| 2133.14 
580 | 264207.94| 1822.12 || 630 | 311724.53| 1979-20 || 680 | 363168.11| 2136.28 
581 | 265119.79| 1825.27 || 631 | 312714.92| 1982.35 || 681 | 364237.04| 2130.42 
582 | 266033.21| 1828.41 || 632 | 313706.88| 1985.49 || 682 | 365307-54) 2142.57 
583 | 266948.20] 1831.55 || 633 | 314700.40| 1988.63 || 683 | 366379.60| 2145.71 
584 | 267864.76| 1834.69 || 634 | 31560550] 1991.77 || 684 | 367453.24| 2148.85 
585 | 268782.89] 1837.83 || 635 | 316692.17| 1994.91 || 685 | 368528.45| 2151.90 
586 | 269702.59| 1840.07 || 636 | 317690.42| 1998.08 || 686 | 369605.23| 2155.13 
587 | 270623.86| 1844.11 ||.637 | 318690.23| 2001.19 || 687 | 370683.50| 2158.27 
588 | 271546.70| 1847.26 || 638 | 310691.61| 2004.34 || 688 | 371763.51| 2161.42 
589 | 272471.12| 1850.40 || 639 | 320694.56| 2007.48 || 689 | 372845.00| 2164.56 
590. | 273397-10| 1853.54 || 640 | 321699.09| 2010.62 || 690 | 373028.07| 2167.70 
501 | 274324.66| 1856.68 || 644 | 322705.18| 2013.76 || Gor | 375012-70| 2170.84 
592 | 275253.78| 1859.82 || 642 | 323712.85| 2016.90 || 692 | 376098.91| 2173.08 
503 | 276184.48| 1862.96 || 643 | 324722.00| 2020.04 || 603 | 377186.68) 2177.12 
594 | 277116.75| 1866.11 || 644 | 325732.80) 2023.19 || 604 | 378276.03| 2180.27 
595 | 278050.58| 1869.25 || 645 | 326745.27| 2026.33 || 605 | 379366.93| 2183.41 
506 | 278985.99| 1872.30 || 646 | 327750.22| 2029.47 || 606 | 380459.44| 2186.55 
507 | 279922.97| 1875.53 || 647 | 328774.74| 2032.61 || 607 | 381553-50| 2180.60 
508 | 280861.52| 1878.67 || 648 | 320701.83| 2035.75 || 608 | 382649.13] 2192.83 
509 | 281801r.65| 1881.81 || 649 | 330810.49) 2038.89 || 600 | 383746.33) 2195-97 


512 


GENERAL REFERENCE TABLES 


AREAS AND CIRCUMFERENCES OF CIRCLES FROM 100 TO 1000 


Diam.| Area | Circum.|/Diam.| Area Circum. Diam.) Area |Circum. 
a 

7oo | 384845.10) 2199.11 || 750 | 441786.47| 2356.19 || 800 | 502654.82| 2513.27 
7OX | 385945.44| 2202.26 || 75x | 442065.35| 2350.34 || Sor | 5030T2.25) 2516.42 
702 | 387047.36) 2205.40 || 752 | 444145.80) 2362.48 || 802 | 505171.24) 2510.56 
703 | 388150.84| 2208.54 || 753 | 445327-83) 2365.62 || 803 | 506431.80) 2522.70 
704 | 389255.90] 2211.68 || 754 | 449511.42| 2368.76 || 804 | 507603.94| 2525.84 
705 | 390362.52) 2214.82 || 755 | 447606.59| 2371.90 || 805 | 508057.64| 2528.98 
706 | 391470.72| 2217.96 || 756 | 448883.32| 2375 04 || 806 | 510222.92| 2532.12 
707 | 392580.49| 2221.11 || 757 | 450071.63| 2378.19 || 807 | 511489.77| 2535.27 
708 | 393601.82) 2224.25 || 758 | 451261.51| 2381.33 || 808 | 512758.10! 2538.41 
709 | 394804.73| 2227.30 || 759 | 452452.06) 2384.47 || 809 | 514028.18] 2541.55 
710 | 395919.21] 2230.53 || 760 | 453645.08| 2387.61 || 810 | 515200.74| 2544.60 
711 | 307035.26) 2233.67 || 761 | 454840.57| 2300.75 || 81x | 516572.87| 2547-83 
712 | 308152.89) 2236.81 || 762 | 456036.73) 2393-89 || 812 | 517347-57| 2550.07 
713 | 309272.08) 2239.96 || 763 | 457234.46| 2307.04 || 813 | 510123.84) 2554.11 
714 | 400392.84| 2243.10 || 764 | 458433-77| 2400.18 || 814 | 520401.68) 2557.26 
715 | 40t515§.18) 2246.24 || 765 | 459634.64| 2403.32 || 815 | 521681.10) 2560.40 
716 | 402639.08} 2249.38 || 766 | 460837.08|) 2406.46 || 816 | 522962.08) 2563.54 
717 | 403764.56| 2252.52 || 767 | 462041.10| 2409.60 || 817 | 524244.63| 2566.68 
718 | 404801.60| 2255.66 || 768 | 463246.69| 2412.74 || 818 | 525528.76) 2560.82 
719 | 406020.22| 2258.81 || 769 | 464453-84| 2415.88 || 819 | 526814.46) 2572.06 
720 | 407150.41| 2261.95 || 770 | 465662.57| 2419.03 || 820 | 528ror.73) 2576.11 
721 | 408282.17| 2265.09 || 771 | 466872.87| 2422.17 || 821 | 520300.56) 2579.25 
722 | 409415.50| 2268.23 || 772 | 468084.74| 2425.31 || 822 | 530680.97| 2582.30 
723 | 410550.40| 2271.37 || 773 | 460208.18) 2428.45 || 823 | 531072.05| 2585-53 
724 | 411686.87| 2274.51 || 774 | 470513-10| 2431.50 || 824 | 533266.50) 2588.67 
725 | 412824.91| 2277-65 || 775 | 471729-77| 2434-73 || 825 | 534561.62| 2501.81 
726 | 413964.52| 2280.80 || 776 | 472047.92| 2437.88 || 826 | 535858.32| 2504.06 
727 | 415105.7%| 2283.94 || 777 | 474167.65| 2441.02 || 827 | 537156.58| 2508.10 
728 416248.46} 2287.08 |} 778 | 475388.94| 2444.16 || 828 | 538456.41 pores! 
729 | 417392.79) 2290.22 || 779 | 476611.81| 2447.30 || 829 | 530757.82| 2604.3: 

73° | 418538.68| 2293.36 || 780 | 477836.24| 2450.44 || 830 | 541060.79| 2607.52 
731 | 419686.15| 2296.50 || 781 | 479062.25| 2453.58 || 831 | 542365.34| 2610.66 
732 | 420835.19| 2299.65 || 782 | 480289.83) 2456.73 || 832 | 543671.46| 2613.81 
733 | 421085.79| 2302.70 || 783 | 481518.97| 2459.87 || 833 | 544070.15| 2616.05 
734 | 423137-97| 2305.93 || 784 | 482740.69] 2463.01 || 834 | 546288.40] 2620.00 
735 | 42420%.72| 2309.07 || 785 | 483081.98) 2466.15 || 835 | 547590.23] 2623.23 
730 | 425447.04| 2312.21 || 786 | 485215.84| 2460.29 || 836 | 548011.63| 2626.37 
737 | 426603.04) 2315.35 || 787 | 486451.28) 2472.43 || 837 | 550225.61| 2629.51 
738 | 427762.40| 2318.50 || 788 | 487688.28| 2475.58 || 838 | 551541.15| 2632.65 
739 | 428922.43| 2321.64 || 789 | 488926.85| 2478.72 || 839 | 552858.26| 2635.80 
74° | 430084.03) 2324.78 || 7900 | 490166.99| 2481.86 || 840 | 554176.94 2638-04 
74L | 431247-21| 2327.92 || 79% | 401408.71| 2485.00 || 84r | 555407.20| 2642.08 
742 | 432411.95| 2331.06 || 792 | 492651.99| 2488.14 || 842 | 556819.02 aia ber 
743 | 433578.27| 2334.20 || 703 | 403806.85) 2401.28 || 843 | 558142.42) 2648.36 
744 | 434746.16) 2337.34 || 704 | 405143.28| 2404.42 || 844 | 550407.39| 2651.50 
745 | 435015-62| 2340.49 || 705 | 496301.27| 2407-57 || 845 300793.92| 2054.05 
746 | 437086.64| 2343.03 || 706 | 497640.84| 2500.71 || 846 | 562122.03| 2657.70 
747 | 43825924) 2346.77 || 797 | 498801.98| 2503.85 || 847 | 563451.71| 2660.93 
748 | 439433-41) 2340.01 || 708 | s00144.69) 2506.99 || 848 | 564782.96| 2664.07 
749 | 449009.16| 2353.05 || 709 | 501398.97) 2510.13 || 849 | 560115.78) 2667.21 


AREAS AND CIRCUMFERENCES 513 

AREAS AND CIRCUMFERENCES OF CIRCLES FROM 100 TO 1000 
Diam.| Area Circum. |{Diam.} Area Circum. ||Diam.| Area  |Circum. 
850 | 567450.17] 2670.35 || 900 | 636172.51| 2827-43 || 950 | 708821.84| 2984.51 
851 | 568786.14| 2673.50 || 901 | 637587.0r] 2830.58 || 951 | 710314.88} 2987.65 
852 | 570123-67| 2676:64 || 902 | 639003.09|* 2833-72 || 952 | 711809.50| 2990.80 
853 | 571462.77| 2679.78 || 903 | 640420.73] 2836.86 || 953 | 713305.68| 2003.04 
854 | 572803.45| 2682.92 || 904 | 641839.95] 2840.00 || 954 | 714803.43| 2097.08 
855 | 574145.09| 2686.06 || 905 | 643260.73] 2843.14 || 955 | 716302.76| 3000.22 
856 | 575489-51| 2689.20 || 906 | 644683.09] 2846.28 || 956 | 717803.66| 3003.36 
857 | 576834-90] 2692.34 || 907 | 646107.01| 2849.42 || 057 7193006.12| 3006.50 
858 | 578181.85]| 2695.49 || 908 | 647532.51| 2852.57 || 958 | 720810.16| 3000.65 
8590 | 579530.38| 2698.63 || 909 | 648059.58| 2855.71 || 959 | 722315.77| 3012-79 
860 | 580880.48| 2701.77 || 910 | 650388.22}; 2858.85 || 960 | 723822.95| 3015.93 
86r | 582232.15| 2704.91 |) 91I | 651818.43| 2861.99 || 961 -| 725331.70| 3019.07 
862 | 583585.30| 2708.05 || 912 | 653250.21| 2865.13 || 962 | 726842.02| 3022.21 
863 | 584940.20] 2711.19 || 913 | 654683.56| 2868.27 || 963 | 728353.91| 3025.35 
864 | 586206.59| 2714.34 || 914 | 656118.48] 2871.42 || 964 | 729867.37| 3028.50 
865 | 587654.54| 2717-48 || 915 | 657554.08| 2874.56 || 965 | 731382.40| 3031.64 
866 | 589014.07] 2720.62 || 916 | 658993.04| 2877.70.|| 966 | 732899.01| 3034.7 
867 | 500375-16| 2723.76 || 917 | 660432.68| 2880.84 || 967 | 734417.18| 3037.92 
868 | 591737.83| 2726.90 || 918 | 661873.88] 2883.98 || 968 | 735036.93| 3041.06 
869 | 5903102.06] 2730.04 || 919 | 663316.66] 2887.12 || 969 | 737458.24| 3044.20 
870 | 594467.87| 2733-19 || 920 | 664761.01| 2890.27 || 970 | 738981.13| 3047.34 
871 | 595835-25) 2730-33 || 921 | 666206.92] 2803.41 || 971 | 740505.50| 3050-40 
872 | 507204.20] 2739.47 || 922 | 667654.41| 2806.55 || 972 | 742031.62| 3053-03 
873 | 508574-72| 2742.61 || 923 | 669103.47| 2809.69 || 973 | 743559-22| 3050.77 
874 | 599946.81| 2745.75 || 924 | 670554.10| 2902.83 || 974 | 745088.39] 3059.91 
875 | 601320.47| 2748.89 || 925 | 672006.30| 2005.97 || 975 | 746619.13| 3063.05 
876 ; 602695.70] 2752.04 || 926 | 673460.08| 2909.11 || 976 | 748151.44| 3066.19 
877 *| 604072.50] 2755.18 || 927 | 674915-42| 2912.26 || 977 | 749685.32| 3060.34 
878 | 605450.88) 2758.32 || 928 | 676372.33| 2915-40 || 978 | 751220.78| 3072.48 
879 | 606830.82| 2761.46 || 929 | 677830.82| 2918.54 || 979 | 752757.80| 3075.62 
880 | 608212.34] 2764.60 || 930 | 679290.87| 2921.68 || 980 | 754296.40] 3078.76 
881 | 609505.42| 2767.74 || 931 | 680752.50) 2924.82 || 98x | 755836.59| 3081.90 
882 | 610980.08| 2770.88 || 932 | 682215.69| 2927.06 || 982 | 757378.30| 3085.04 
883 | 612366.31| 2774.03 || 933 | 683680.46| 2931.11 || 983 | 758021.61| 3088.19 
884 | 613754-11| 2777-17 || 934 | 685146.80| 2934.25 || 084 | 760466.48| 3001.33 
885 | 615143.48| 2780.31 || 935 | 686614.71| 2937.30 || 985 | 762012.03| 3004.47 
886 | 616534.42| 2783.45 || 936 | 688084.19! 2040.53 || 086 | 763560.95| 3007-61 
887 | 617920.93| 2786.50 || 937 | 680555.24| 2043.67 || 087 | 765r10.54| 3100.75 
888 | 619321.0r| 2789.73 || 938 | 691027.86| 2946.81 || 988 | 766661.70} 3103.89 
889 | 620716.66| 2792.88 || 939 | 692502.05| 2949.96 || 989 | 768214.44| 3107.04 
890 | 622113.89] 2796.02 || 940 | 693977.82| 2953.10 || 9900 | 760768.74] 3110.18 
89r | 623512.68} 2799.16 || 941 | 605455.15| 2956.24 || oor | 771324.6r| 3113-32 
892 | 624013.04| 2802.30 || 942 | 696934.06| 2959.38 || 992 | 772882.06| 3116.46 
893 | 626314.98| 2805.44 || 943 | 6984r14.53| 2962.52 || 903 | 774441-07| 3119.60 
804 | 627718.49} 2808.58 || 944 | 6099896.58) 2965.66 || 994 | 776001.66| 3122.74 
895 |) 629123.56| 2811.73 || 945 | 701380.19! 2968.81 || 905 | 777563.82| 3125.88 
896 | 630530.21] 2814.87 || 946 | 702865.38| 2971.95 || 996 | 779127.54| 3120.03 
807 | 631038.43| 2818.01 || 947 | 704352.14| 2075.09 || 997 | 780692.84| 3132.17 
898 | 633348.22| 2821.15 || 948 | 705840.47| 2978.23 || 998 | 782259.71| 3135-31 
899 | 634759.58| 2824.29 || 049 | 707330.37| 2981.37 || 999 | 783828.15| 3138.45 
tooo | 785398.16! 3141.59 


514 GENERAL REFERENCE TABLES 


CRCUMEERERCES AND DIAMETERS or Creckue 


Cir- . Cir- : Cir- . Cir- . 
Pathe Diameter nar Diameter ek Diameter nae Diameter 
— = eae se raat - 
I 13183 51 16.2338 ror 32-149. 151 48.0648 
2 -6306 52 10,552r 102 32-407 152 48.3831 
3 0549 53 10,8704 103 32-7859 153 48.7014 
4 1.2732 54 17.1887 104 33-1042 154 49,0107 
5 1.5015 55 17.5970 105 33-422 155 49.3380 
6 1.9099 56 17.8254 106 33-74 150 49.0563 
7 2.2282 57 18.1437 107 34-0592 157 49.0747 
8 2.5405 58 18.4020 108, 54-8775 158 50,2930 
9 2.8048 59 18.7803 109 34-095) 159 50.0113 
10 3.1831 60 19.0986 110 35.0141 160 50.9290 
IL 3.5014 6x 19.4169 TIL 35-3324 161 51,2479 
12 3.8107 62 19.7352 112 35.0507 162 51,5662 
13 4.1380 63 20.0535 113 35.9090 163 eee | 
14 4.4503 64 20.3718 114 36.2873 164 52,202 
15 4.7740 65 20.6901 115 36.6056 165 52,5214 
16 5.0930 60 21.0085 116 30.9239 106 52. “8304 
17 5.4113 67 21.3208 117 37-2423 107 53-157 
18 5.7200 68 21,6451 118 37-5000 168 53-4761 
19 6.0479 69 21.9034 119 37.8789 109 53-7944 
20 6.3062 7o 22.2817 120 38.1972 170 54.1127 
2I 6,0845 71 22,6000 12r 3.5155 I7t 54.4310 
22 7,0028 72 22,9183 122 38.833 172 54-7493 
23 7.3211 73 23.2306 123 30-1521 173 55.007 
24 7.0304 74| 23.5549 124 39-4704 174 55.3859 
25 72,0577 75 23,8732 125 39.7887 175 55-7042 
26 8.27061 76 24.1916 126 40.1079 176 56.0225 
27 8.5944 77 24.5009 127 | 40.4254 177 56.3408 
28 8.9127 78 24.8282 128 49.7437 178 56.6502 
29 9.2310 79 25,1405 129 41.0620 179 56.077 
30 9.5493 80 25.4048 130 41.3803 180 57-295 
31 9.8676 81 25.7831 131 41.6986 81 57-0141 
32 10.1859 82 20.1014 132 42.0169 182 57-0324 
33 10,5042 83 20,4107 133 42.3352 183 58.2507 
34 10.8225 84 20.7380 134 42.053, 184 58.5690 
35 11.1403 85 27.0563 135 42.971 185 58.8873 
36 11.4592 86 27.3747 136 43-2901 186 59.2056 
37 11.7775 87 27.6930 137 43: oe 187 59.5239 
38 12.0958 88 28,0113 138 43-926 188 59.842 
30 12.4141 89 28,3206 130 wa 2451 189 60.1 
40 12.7324 90 28.0479 140 44-5034 190 60.4789 
4r 13.0507 OL 28.9662 I4t 44.8817 ror 60.7972 
42 13-3090 92 an Bias 142 45-2000 192 Geaxiss 
43 13.0873 93 29.602 143 45-5183 193 61.433 
44 14,0056 94 29.9211 144 45-8366 104 61.752 
45 14.3239 95 30.2304 145 40.1549 195 62,0704 
46 14.0423 96 30.5577 140 46.4732 196 62.3887 
47 14,9000 97 30.8701 147 40.7016 197 62.7070 
48 15,2789 08 31.1044 148 47-1099 198 63,0254 
49 15,5972 09 31.5127 140 47-4282 109 63.3 
5° 15,0155 100 31.8310 150 47-7405 200 63.0020 


RECIPROCALS 515 
RECIPROCALS OF NUMBERS FROM I TO 1000 
No. | Reciprocal || No. | Reciprocal |) No. | Reciprocal,|| No. | Reciprocal 

I |I,e0000000 51 .01960784 ToL .00990099 r5t .60662252 

2 «50000000 52 -01923077 102 .00980302 152 .00057805 
3 | 33333333 53 | -01886702 || 103-| .00970874 || 153 | .00653505 
4 425000000 54 .o1851852 TO4 .00961538 I54 -00640351 

5 «20000000 55 ,O1818182 105 -00952381 155 ,00645161 

6 | .16666667 56 .01785714 106 | .00943306 156 100041026 

7 | 44285714 57 | .01754386 107 | .00934579 157 | .006360943 

8 «12500000 58 .01724138 108 .00925926 158 .6003 2011 

g | «<IIrrxrr4rr 50 -O1694015 10g | .0091743I 150 100628931 
10 «109000000 60 .01666667 Ito sOOQOQOOT 160 .00625000 
Ir ,09090909 61 .01630344 TIL ,00QO0QOT 16t -00621118 
12 -08333333 62 sO01612903 112 .00892857 162 .00617284 
Ig 107692308 63 .01587302 113 .00884956 163 -00613407 
14 ,07142857 64 .01562500 II4 100877193 164 .000009756 
I5 .06666667 65 .OT538461 115 .00869565 165 :0060606f 
16 .06250000 66 sOISISIST 116 .00862069 166 -00602410 
17 -05882353 67 .01402537 117 |, .00854701 167 :00598802 
18 205555550 68 .01470588 118 .00847458 168 100505238 
Bae) .05203158 690 «01449275 T1090 100840336 169 ,005091716 
20 «05000000 7° .01428571 120 100833333 170 100588235 
2 -04761905 71 sOT 408451 12t .00826446 17t -00584705 
22 104545455 42 -01388889 122 .00810672 1472 :00581305 
23 -04347826 73 .01369863 123 .00813008 173 100578035 
24 .04166667 74 -O1351351 24 .00806452 174, .00574713 
25 04000000 75 01333333 125 | .co800000 175 -00571429 
20 .03846154 76 -01315789 126 793051 176 .00568182 
27 103703704 77 -01298701 127 +00787402 177 -00564072 
28 -03571429 78 -OT282051 128 .00781250 178 -005617908 
2g -03448276 70 -01265823 129 ,00775104 179 -005 58650 
30 | .03333333 80 | .o1250000 130 | .00769231 180 -00555550 
ar .03225806 8r -01234568 I3t .007633590 r8r .005 52486 
32 .03125000 82 -O12TQ512 132 100757576 182 -00540451 
33 «03030303 83 -01204819 133 .007 51880 183 -00546448 
34 .02041176 84 -O1190476 134 .007 46260 184 -00543478 
35 .02857143 85 -O11 76471 135 -007 4.0741 185 -00540540 
36 02777778 86 -O1162701 136 .00735204 186 -005376034 
37 | -02702703 87 | .01140425 || 137 | -00729927 187 | .00534759 
38 | .02631579 838 -01136364 138 | .00724638 188 .0053I1914 
39 102504103 89 -O1T 23505 139 .00710424 189 -005 20100 
40 .02500000 go | .OLIIL1IT 140 -00714286 190 -005 26316 
4I 02430024 or -OL098g01 I4t -00709220 TOL -00523560 
42 .02380952 92 .01086956 142 100704225 192 1005 20833 
43 102325581 93 -01075269 143 ,00699301 193 .00518135 
44 -02272727 o4 .01063830 144 -00694444. 104 200515404. 
45 .02222222 05 -0105 2632 T45 -00680655 TOS .00512820 
46 .02173913 96 .O1041667 146 .0068493I 196 .00510204 
47 .02127660 907 .01030928 I47 .00680272 107 .00507614 
48 -02083333 98 .01020408 148 .00675076 198 ,00505051 
49 | .02040816 99 | .OLOTOIOL 149 | .00671141 109 ,00502513 
50 «02000000 Bele) .01000000 I50 .00666667 200 ,©0500000 
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REcrIPROCALS OF NUMBERS FROM I TO 1000 


No. | Reciprocal || No. | Reciprocal Reciprocal 


201 .00497512 251 00398406 301 .00332226 351 .00284900 
202 | .00495049 252 .00396825 302 .00331120 352 .00284091 
203 | .00492011 253 .00395257 303 +00330033 353 -00283286 
204 | .00490196 254 | .00303701 304 | .00328047 354 | .00282486 
205 | .00487805 255 | .00392157 305 | .00327869 355 | .00281690 
206 | .00485437 256 | .00390625 306 | .00326797 356 | 00280899 
207 | .00483092 257 | .00389105 307 | -00325733 357 | .co28or12 
208 | .004807690 258 | .00387507 308 | .00324675 358 .00279330 
200 .00478409 250 .00386100 300 100323025 359 .00278551 
210 | .00476190 260 | .00384615 310 | .00322581 360 | .00277778 


2It 100473934 261 .00383142 3Ir -00321543 361 .00277008 
212 .0047 1698 262 -03381679 312 .00320513 362 -00276243 
213 .00469484 263 .00380228 313 .00319489 363 contents 
214 .00467 2909 264 -00378788 314 «00318471 364 -00274725 
215 .00405116 265 .00377358 315 .00317460 3605 -00273073 
216 .00462963 266 .00375040 316 .00316456 3606 +0027 3224 
217 | .00460829 267 «00374532 317 .00315457 367 00272480 
218 .00458716 268 -00373134 318 .00314465 368 .00271739 
210 -00450621 269 .00371747 3190 .00313480 3690 .00271003 
220 | .00454545 270 | .00370370 320 | .00312500 379 | .00270270 


221 .00452489 271 .00369004 321 .00311526 37r 100260542 
222 100450450 272 100367647 322 -00310559 372 .00268817 
223 00448430 273 -00366300 323 -00300597 373 .00268006 
224 -00446420 274 .00364963 324 -00308642 374 .00267380 
225 | .00444444 275 | .00363636 325 | .00307692 375 | .00266667 
220 .00442478 276 100362319 326 -00306748 370 .00265057 
227 .00440520 277 .0036101L 327 .00305810 377 -00265252 
228 -00438506 278 -00359712 328 .00304878 378 .00264550 
229 .00436681 279 .003 58423 329 -00303051 379 .00263852 
230 | .00434783 280 | .00357143 330 | .00303030 380 | .00263158 


231 .00432900 281 .00355872 33t -00302115 38r .00262467 
232 .0043 1034 282 -00354010 332 «00301205 382 .00261780 
233 | .00420184 283 | .00353357 333 | .00300300 || 383 | .00261097 
234 .00427350 284 200352113 334 .00299401 384 | .00260417 
235 | .00425532 || 285 | .00350877 || 335 | .00203507 || 385 | .00250740 
236 | .00423729 286 | .00340650 330 .00297619 386 | .00259067 
237 .00421941 287 .00348432 337 -00296736 387 .00258398 
238 | .00420168 288 | .00347222 338 | .00295858 388 | .00257732 
239 | .00418410 289 | .00346021 339 | .00294985 389 | .00257069 
240 | .00416667 290 | .00344828 340 | .co294118 || 390 | .00256410 


241 400414935 201 00343643 340 +00203255 
242 100413223 292 .00342466 342 .00292308 302 -00255102 
243 sOO41T523 203 +00341 207 343 -00201545 393 -002§4453 


| 
| 30K | .00255754 
244 | .00409836 294 | .00340136 344 = 304 


| .00253807 
245 | .00408163 295 | .00338983 || 345 | .co280855 || 305 | -00253165 
240 | .00406504 206 | .00337838 || 346 | .oco280017 || 306 | .c0252525 
247 | .00404858 207 | .00336700 347 00288184 307 | .00251889 
248 | .00403226 298 | .00335570 348 | .00287356 308 | .00251256 
249 | .00401606 2909 | .00334448 340 | .00286533 300 | .00250627 
250 | .00400000 300 | .00333333 350 | .00285714 400 | .00250000 
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REcIPROCALS OF NUMBERS FROM 100 TO 1000 
+ 
No. | Reciprocal || No. | Reciprocal || No. | Reciprocal || No. | Reciprocal 
401 .00240377 451 .00221720 50L .OOTQQ60I 551 .00181488 
402 .00248756 452 .00221239 502 .00199203 552 -OOT81159 
403 -00248139 453 .00220751 503 .00198807 553 .00180832 
404 -00247525 454 .00220264 504 .0OTQ8413 554 -00180505 
405 .00246914 455 .00219780 §05 .00198020 555 .00180180 
406 -00246305 456 .00219208 506 .00197628 550 -00179856 
407 -00245700 457 .00218818 507 .00197 239 557 -00179533 
408 -00245008 458 100218341 508 -00196850 558 -OOT7Q2I1 
409 -00244499 459 .00217865 509 -00196464 559 -001 78891 
410 -00243902 460 .00217301 510 -00196078 560 -00178571 
4il .00243300 461 .00216920 SIL ,00195005 561 -00178253 
412 .00242718 462 .00216450 Sie: -O0195312 562 .00177930 
413 100242131 463 .00215083 513 -001904932 563 .00177620 
4I4 -00241546 404 .002I15517 514 «00194552 504 ,00177305 
415 | 00240064 405 | .00215054 515 | .0o1g4i75 565 | .00176991 
416 .00240385 466 .00214592 516 .00193798 506 -001 76678 
417 .00230808 407 100214133 517 .00193424 567 -001 70367 
418 | .00239234 408 | .00213675 518 | .cor9g3050 568 .00176056 
419 .00238663 460 -00213220 519 .00192678 569 -00175747 
420 | 00238005 470 -00212766 520 .00192308 $79 100175439 
421 | .00237530 471 | .00212314 521 | .co1g1939 57 | .OO175131 
422 .00236967 472 .00211864 522 -OOIQI571 572 .001 74825 
423 | .00236407 473 | .00211416 523 | .co1g1205 573 | -00174520 
424 .00235849 474 .00210970 524 .00190840 574 .00174216 
425 -00235204 475 -00210526 525 .00190476 575 .00173913 
426 .00234742 476 -00210084 520 sOOTQOIT4 576 .OO17 3011 
427 | .00234192 477 | .002090644 527 | .00189753 577 | .00173310 
428, | .00233645 478 «00209205 528 .00189394 578 .001 73010 
42 ,00233100 479 .00208768 520 .00189036 579 .OO1 72712 
430 .00232558 480 .00208333 530 .00188679 580 -00172414 
431 .00232019 481 .00207900 531 .00188324 581 -OO172117 
432 -00231481 482 .00207469 532 .00187970 582 -OO17 1821 
433 .00230047 483 100207039 533 .00187617 583 .OO171I527 
434 .00230415 484 .00206612 534 .00187 266 584 -00171 233 
435 .00220885 485 .00206186 535 .001 86916 585 .001 70040 
436 | .00229358 486 | .00205761 536 | .00186567 586 .001 70648 
437 100228833 487 «00205339 537 .00186220 587 .00170358 
438 .00228310 488 .00204918 538 | .00r85874 588 .00170068 
439 .00227790 489 «00204409 538 .00185528 589 .00169779 
440 | .00227273 490 .00204082 540 .00185185 59° -00169491 
441 .00226757 401 .00203666 541 .00184843 591 .00169205 
442 .00226244 492 «00203252 542 .00184502 592 -0o1 68919 
443 .00225734 493 .00202840 543 -00184162 593 .00168634. 
444 100225225 404 .00202429 544 .00183823 504 .00168350 
445 -00224719 495 .00202020 545 .00183486 505 -00168067 
446 .00224215 496 .00201613 546 .00183150 500 .00167785 
447 .00223714 407 «00201207 547 .0o182815 507 .00167504 
448 | .00223214 408 -00200803 548 | .co182482 598 | .00167224 
449 -00222717 409 «00200401 549 -00182149 5900 .00166945 
450 100222222 500 .00200000 550 .00181818 600 .00166667 
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RECIPROCALS OF NUMBERS FROM £ TO 1000 


—h. 
No. | Reciprocal || No. | Reciprocal || No. | Reciprocal || No. | Reciprocal 
601 .00166389 651 .00153610 or ,00142653 751 100133156 
602 -OO1O61 13 652 .00153374 7o2 «00142450 752 .00132979 
603 .00105837 653 sOO1 53140 703 .00142247 753 .0013 2802 
604 -00105503 654 .0015 2905 704 100142045 754 .00132626 
605 .00165 289 655 -00152672 705 .00141844 755 .00132450 
606 .00165016 656 .0015 2439 706 .00141643 750 :00132275 
607 | .00164745 657 -00152207 7O7 | .00141443 757 | .00132100 
608 | .00164474 658 -OO1519075 708 -00141243 758 | .00131926 
609 .00164204 6590 sOOL5I745 7°90 ,OOT4IO44 759 ,OO0131752 
610 .00163934 660 sOOI5I515 710 ,00140845 700 .O0O1 31579 
611 .00163666 661 .00151286 711 .00140647 761 .00131406 
612 .00163399 662 sOOT 51057 712 -00140449 762 -001 31234 
613 .00163132 663 .00150830 713 «00140252 763 .00131062 
614 -00162866 664 .001 50602 714 .00140056 704 .00130890 
615 .00162602 665 .001 50376 715 .00139860 705 .00130719 
616 .00162338 666 sOOL50150 716 .00139665 766 .00130548 
617 -00162075 667 s00149025 717 .00139470 707 .00130378 
618 .00101812 668 .OOL4Q7OL 718 .00139270 708 .00130208 
619 sOOTOI551 669 -OOL 49477 7190 .00139082 769 -00130039 
620 .00101290 670 -OO1 49254 720 .00138889 77° -00129870 
621 sOOTOIO3I 671 .001 49031 721 -00138606 774 ,001 20702 
622 .00160772 672 .00148809 722 -00138504 772 -001 20534 
623 .00100514 673 .001 48588 723 ,00138313 773 -001 29360 
62 .00160256 674 .001438368 724 | .co138121 774 | .00o129199 
625 .00160000 678 .001 48148 725 .00137931 175 «001 29032 
626 | .00159744 676 00147929 7260 | .00137741 779 .001 28866 
627 -001 59499 677 -OOT 47710 727 .00137552 777 .001 28700 
628 | .00159236 678 | .00147493 728 | .00137363 778 -001 28535 
629 -001 58982 670 sOO1 47275 729 -OO13 7174 779 .001 28370 
630 -00158730 680 -OO1 47059 73° | .00136986 780 -001 28205 
631 00158479 68x | .00146843 731 .00136799 781 | .co128041 
632 .00158228 682 .00146628 732 .00136612 782 -00127877 
633 .00157978 683 00146413 733 .00136426 783 .OO127714 
634 -OO1 57729 684 -001 40190 734 .00136240 784 sOOT27551 
635 | .c0r57480 || 685 | .oor45985 || 735 | -00136054 || 785 | .co127388 
636 .00157233 686 -00145773 736 .00135870 780 1001272206 
637 -001 560; 687 .00145500 737 .00135685 787 .00127065 
638 | .00156740 688 | .00145340 738 | .00135501 788 .001 26904 
639 | .cor56494 || 689 | .00145137 || 739 | .00135318 || 789 | .co126743 
640 | .co15s6250 690 | .00144927 742 | .00135135 790 | .c0126582 
641 .001 56006 601 .00144718 741 .00134053 7OL -001 26422 
642 -00155763 692 .001 44500 742 -OO134771 792 .001 26263 
643 | .corsss2r || 603 | .00r44300 || 743 | .00134589 || 703 | .00126103 
644 | .00155279 || 604 | .c0144092 || 744 | -00134400 || 704 | .00125045 
645 | 00155039 || 605 | .00143885 || 745 | .co134228 || 705 | .oo125786 
646 | .00154799 696 | .00143678 746 | .00134048 790 .00125628 
647 | .co1s4ss9 || 697 | .00143472 || 747 | .00133869 |} 707 | .00125470 
648 | .00154321 || 698 | .00143266 748 | .00133690 708 .001 25313 
649 .001 54083 699 ,00143061 749 -OO133511 709 .001 25150 
650 | .00653846 7oo | 00142857 750 | .00133333 Boo | .0cor25000 
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519 
RECIPROCALS OF NUMBERS FROM I TO 1000 

No. | Reciprocal |} No. | Reciprocal |} No. | Reciprocal || No. | Reciprocal 
8o0r -001 24844 851 -OOI17509 gor ,001 10988 Q5I | .coros1s2 
802 -001 24688 852 -OOL17371 go2 -OOL 10865 952 | .coros042 
803 -001 24533 853 -00117233 || 903 -OOL10742 953 | .00104932 
804 .00124378 854 -OO11 7006 904 -OOTIO6I9 954 | .cote4822 
805 .00124224 855 -00116959 905 -OOL 10497 955 | .co104712 
806 .00124069 856 -00116822 906 -00110375 956 | .cor04602 
807 -00123916 857 -001 16686 907 -OO110254 957 | .00L04403 
808 .001 23762 858 .O0O116550 908 -OOLIO132 958 | .00104384 
809 .001 23609 850 -OOT16414 909 -OOTTOOLL 959 | .00104275 
810 .001 23457 860 -OO116279 QI0 .0O109890 960 | .co104167 
811 -001 23305 861 sOOTI6144 OIL .00109769 961 | .coro4os8 
812 -00123153 || 862 -00r16009 || 912 -00109649 || 962 | .coro3950 
813 -001 23001 863 sOO1I5875 913 -00109529 || 963 | .00103842 
814 -00122850 864 -OOTI5741 Or4 .00T09400 964 | .00103734 
815 .00122699 865 -OO115607 915 .00109290 965 | .00103627 
816 .00122540 866 -001 15473 916 .OOTOQI70 966 | .00103520 
817 -001 22309 867 -OOT15340 O17 sOOTOQO5I 967 | .co103413 
818 -00122249 || 868 -OO11 5207 918 .00108932 968 | .00103306 
8190 .00122I00 || 869 -OOLI5075 9190 -00108814 || 969 | .cor03199 
820 -OOI 21951 870 -OO1T1 4942 920 .00108696 979 | .00103093 
821 -001 21803 871 sOOTIT 4811 921 .00108578 971 | .00102987 
822 -OOT 21054 872 .OOTI 4679 922 .00108460 972 | .coro288r 
823 -00121507 || 873 -00114547 || 923 -00108342 || 073 | .00102775 
824 -00121359 874 -OO1L 4416 924 .00108225 974. | .00102669 
825 -OO1 21212 875 -00114286 || 925 s0ot08108 || 975 | .co102564 
826 -00121065 876 -OOTT4I55 || 926 -OO10799I 976 | .co102459 
827 -00120019 || 877 -OO1I4025 || 927 .00107875 || 977 | .co102354 
828 -©01 20773 878 -00113805 || 928 -00107759 || 978 | .oo102250 
829 .001 20627 879 -00113766 |} 929 .00107643 979 | .cor02T45 
830 -001 20482 || 880 +00113636 || 930 .00107527 || 980 | .coro2041 
831 .001 20337 881 -OO113507 931 .OOIO74II 981 | .coror937 
832 -OO1 20192 882 -00113379 || 932 -00107296 || 982 | .cor101833 
833 .001 20048 883 -O0113250 933 -OOTO7181 983 | .co10r729 
834 -O0119904 || 884 -OO113122 9034 -00107066 || 984 | .cotor626 
835 -00119760 || 885 -00T12994 || 935 -00106952 || 985 | .corors23 
836 .OOTIQ6IT 886 .OOT1 2867 936 .00106838 986 | .co10t420 
837 -OOT19474 887 .OO1I2740 937 -001067 24 987 | .cor0r3i7 
838 -0OTI9332 888 .OOT1 2613 938 .00106610 988 | .coror2r5 
839 -OOTIQI89 889 .0011 2486 939 .00106406 989 | .cororrr2 
840 -00119048 || 890 -00112360 || 940 .00106383 990 | .coToIOrO 
841 -00118906 || Sor -O0112233 || 941 -00106270 || 991 | .corc0908 
842 .001 18765 892 ,OOTI 2108 942 -OO106157 992 | .co100806 
843 -00118624 893 sOOTTIQ82 943 -00106044 993 | .0O100705 
844 «00118483 804 -0oTI1857 || 944 100105932 994 | .co1co604 
845 -00118343 805 .OOTIT732 945 .00105820 995 | .oOoL00502 
846 -00118203 || 896 sOOI11607 946 .00105708 || 906 | .co1co4o2 
847 -00118064 || 897 sOOT1 1483 947 .00105507 997 | .cot0o30L 
848 -001I7924 || 808 -OOTTI359 || 948 -00105485 || 998 | .cor002z200 
849 -00117786 ‘|} 899 -OOIII235 || 940 -00105374 || 999 | -cCoroorco 
850 -00117647 900 -OOLIIIII 950 -00105263 ||I1000 | .coLO000O 


SHOP TRIGONOMETRY 


THE laying out of angles is sometimes difficult by ordinary methods 
and a little knowledge of shop “trig” is very useful and much easier 
than as though we called it by its full name. 


Fic. 2 Fic. 3 


It is really a system of constants or multipliers based on the fact 
that there are always fixed proportions between the sides and angles 
of triangles and other figures. Fig. 1 shows a 30-degree angle with 
1, 2 and 3-inch arcs, 1¢, 2f, and 3%. It will be found that every 
similar measurement is in exact proportion to the radius, thus 2d 
is exactly twice the length of 1 a, and hi is just three times bc. So, 
if we know the distance a ¢ fora t-inch radius for any angle, a similar 
distance as gi for the same angle, will be in exact proportion to the 
radius of the circle to one, which is the base. All these parts are 
named as shown in Figs. 2, 3, and 4. 
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The exact proportion of all the various parts have been figured 
for each part of a degree that is likely to be needed in ordinary work, 
and these figures are given in the tables which follow. These num- 
bers are simply multipliers or constants for a radius of one, and for 
any other radius we multiply the numbers given by the radius we 
are using. ‘These tables form the most accurate means of calculating 
many problems as will be shown. These constants can represent 
one of anything, inches, feet, meters, or miles, and the answer will 
be in the same unit. In tool work they are usually in inches, but 
the relation is the same régardless of the unit. 


Fic. 4 Fic. 5 


ANGLE Is ALWAYS TAKEN EACH SIDE OF THE CENTER LINE AS 
SHOWN 


Lines 1-3 and 1-7 are called radius of the circle. 
1-2 is called cosine of the angle. 
4-5 is always the same as cosine of the angle. 


2-3 is called the versed sine of the angle. 
4-7 “ “  “ co-versed sine of the angle. 
2-5 “ « “ sine “ “e “ 
8) “ “ “ tangent cee “ 
7-8 “ “ce “ce co-tangent “ “ “ 
1-6 “e “ “ secant “ ics “ 
I-8 ce “ “ co-secant ce “ « 


The names always refer to the angle on one side of the center 
line and not to the total or included angle. In dealing with a 60- 
degree thread we divide this by a center line and call the angle 30 
degrees in all our calculations. Everything is based on the radius 
of a circle, and a 1 radius is used as this base. Perhaps the three 
most important parts are the sine, the tangent, and the secant, these 
being 2-5, 3-6, and 1-6 in all three of the figures. From this it 
will be seen that the sine is half the chord or the distance from the 
radius to the horizontal. The tangent 3-6 is the distance from 
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the horizontal radius to an extension of the radius at the angle given. 
The secant is the distance along the radius from the center to the 
tangent. From 2 to 3 is called the versed sine, and is the distance 
from the center of the chord to the outer circle. 

The angle considered in this work is always less than go degrees, 
and the angle between the angle used and go degrees, or the angle 
which is necessary to complete this to go degrees is called the com- 
plementary angle. In the first case the complementary angle is 
60 degrees, in the second case 45 degrees, and in the third case 30 
degrees. The co-sine is the distance 4-5, the co-tangent is 7-8, the 
co-secant is 1-8, and the co-versed sine is 4—7 in all three examples. 
In the 45-degree angle it will be seen that the various parts are alike 
in both angles, as the sine is the same as the cosine, while the sine 
of the angle of 30 degrees is the same as the cosine of the angle of 
60 degrees. These facts will be borne out by the tables and can be 
seen by studying the diagrams or by making any calculation and 
then proving it as near as may be on the drawing board. 

All this is interesting, but unless it is useful it has no value to the 
practical man, so we will see where it can be used to advantage in 
saving time and labor. 

Perhaps the easiest application is in finding the depth of a V- 
thread without making any figures. The angle is 60 degrees or 
30 degrees each side of the center line. The pitch is 1 inch so that 
each side is also an inch, and so the radius is an inch, the depth of 
the thread is the distance 1-2 or 4-5, and is the cosine of the angle. 
Looking in the table for the cosine of the angle of 30 degrees we 
find 0.86603, and as the radius is 1 this gives us the depth directly 
as 0.86603 inch. If the radius was 2 inches we would multiply by 
2,or if it was 4 inch, divide by 2 and get the exact depth with almost 
no figuring. Suppose, on the other hand, that the thread was one 
inch deep and we want to find the length of one side, the angle re- 
maining the same as before. In this case we have the depth which 
is the line 1-3, and we wish to find 1-6 which is the secant, so we 
look at the table again and find the secant of 30 degrees to be 1.1547 
inches as the length of the side. 

Suppose you have a square bar 24 inches on each side, what is 
the distance across the corners? Looking at the second example 
we see that the side of the square bar is represented by line 1-3 and 
the corner distance by the secant 1-6 so we look for the secant of 
45 degrees (because we know that half the 90 degree angle of a square 
bar must be 45 degrees) and find 1.4142 which would be the distance 
if the bar was one inch square, so we multiply 1.4142 by 24 and get 
3.5355 inches as the distance across the corners, and can know that 
this is closer than we can measure, and is not a guess by any means. 

Reversing this we can find the side of a square that can be milled 
out of a round bar, such as the end of a reamer or tap. What square 
can we make on a 2-inch round reamer shank? ‘The diameter of 
the bar is the radius as 1-5 and the angle 45 degrees as before, half 
the side of the square will be the sine 2~5, which the table shows 
to be 0.70711, and as this is half the chord which makes the flat 
across the bar, we multiply this by 2 and get 1.41422 inches as the 
distance across the flats for a reamer shank of this size. 
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Suppose we have a bar of 14 X #-inch steel and want to find the 
distance across the corners, and the angle it will make with the base. 
The 14-inch side is the radius, the diagonal is the s¢cant, and the 
f-inch side is the tangent of the angle. Reducing these to a basis 
of one inch we have a bar 1 inch by 4 inch and the 4 inch is the tan- 
gent of the angle. Looking in the table we find this to be almost 
exactly the tangent of 26 degrees and 34 minutes. With this angle 
the secant or diagonal 
is 1.1180 for a radius of 
t inch and 14 times this 
gives 1.6770 as the dis- 
tance across corners. 

A very practical use 
for this kind of calcula- 
tion is in spacing bolt 
holes or otherwise divid- 
ing a circle into any 
number of equal parts. 
Fic. 6 It is easy enough to get 

the length of each arc of 


the circumference by di- 
viding 360 degrees by 
the number of divisions, 
but what we want is to 
find the chord or the dis- 
tance from one point to 
the next in a straight 
line as a pair of dividers 
would step it off, First 
divide 360 by the num- 
ber of divisions — say 9 
—and get 4o degrees in 
each part. Fig. 5 shows 
this and we want the 
distance shown or the 
chord of the angle. This 
equals twice the sine of 
half the angle. Half the 
angle is 20 degrees and 
the sine for this is .342. 
Twice this or 0.684 is 
the chord of the 4o-de- Fic. 7 

gree angle for every inch 

of radius. If the circle is r4 inches in diameter the distance between 
the holes will be 7 times 0.684 or 4.788 inches. This is very quick 
and the most accurate method known. 

Draftsmen often lay out jigs with the angles marked in degrees 
as in Fig. 6, overlooking the fact that the toolmaker has no conyen- 
ient or accurate protractor for measuring the angle. Assume that a 
drawing shows three holes as a, b, and c, with b and ¢ 20 degrees 
apart. The distance from a to b is 3 inches, what is the distance 
from b to ¢ or from a to ¢? 
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As the known radius is from a to 6, the distance ) c is the tangent 
of the angle and the tangent for a one-inch radius is .36397, so for a 
3-inch radius it is 3 X .36397 = 1.09191 inches from 6 to ¢ and at 
right angles to it. 

But we need not depend on the accuracy of the square or of the 
way we use it, as we can find the distance from @ to ¢ just as easily 
and just as accurately as we did bc. This distance is the secant, 
and is 1.0642 for a one-inch radius, Multiplying this by 3 = 3.1926 
as the distance which can be accurately measured. 

If the distance between a and ¢ had been 3 inches, then b ¢ would 
have been the sine and a b the cosine of the angle, both of which can 
be easily found from the tables. 

It often happens that we want to find the angle of a roller or other 
piece of work as Fig. 7. Always work from the center line and con- 
tinue the lines to complete the angle. Every triangle has the sides 
and they are called the side “opposite,” “side adjacent,” and “hy- 
potenuse,” the first being opposite the angle, the second the base 
line, and the third the slant line. 

The following rules are very useful in this kind of work: 


(1) Sine = ea (6) Side Opp. = Hypot. X Sine. 
(2) Cosine = oe (7) Side Adj. = Hypot. * Cosine. 
(3) Tangent = sae (8) Side Opp. = Side Adj. X Tangent. 
(4) Co-Tangent = ee Gar: (9), Side Adj. = Co-Tan. X Side Opp. 
__ Side Opp. __ Side Adj. 
NF we soa Sine. IAS oe Cosine. 
If we have the dimensions 
32 shown in Fig. 7, the side opposite, 


and the hypotenuse, we use 
formula No. 1, and dividing 2 by 
4 we get 4 or .5 as the sine of the 
angle. The table shows this to be 
the sine of the angle of 30 degrees, 
consequently this is a 30-degree 

angle. 
If we have the side opposite 
and the side adjgcent we use 
Fic. 8 formula No. 3, and find that } = 
4 or .5 = the tangent of the angle. 
The table shows this to be the tangent of 26 degrees and 34 minutes. 
Should it happen that we only knew the hypotenuse and the angle 
we use formula No. 6 and multiply 4 X .5 = 2, the side opposite. 
In the same way we can find the side adjacent by using formula 
No. 7. The cosine of zo degrees in .866 and 4 X .866 = 3.464 

inches as the side adjacent. 

Having a bar of steel 2 by 3 inches, Fig. 8, what is the distance 
across the corners? Either formulas 3 or 4 will answer for this, 
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Taking No. 4 we have 2 as the side opposite, 3 as the side adjacent. 
Dividing 3 by 2 gives 1.5. Looking under co-tangents for this we 
find 1.5003 after 33 degrees 41 minutes, which is nearly the correct 
angle. Then look for the secant of this and find 1.2017. Multiply 
this by 3 and get 3.6051 as the distance across the corners. 
Complete tables of sines, tangents, secants, etc., will be on pages 


529 to 563, 


USING THE TABLE OF REGULAR POLYGONS 


THE easiest way to lay out figures of this kind is to draw a circle 
and space it off, but it saves lots of time to know what spacing to use 
or how large a circle to draw to get a figure of the right size. Suppose 
we wish to lay out any regular figure, such as pentagon or five-sided 
figure, having sides 14 inches long. 


BL 1eoo Ow on ny Dw hoe 
giale"s |s82|/ es [fa [8 .|goeg 
pl si Os n| 
3 2 Cag (Pu, PESSI ES | 58 | os esas 
4 E] Bate | 8.0 | oe Ss e >a? 
a 50 ole tl oa | Bea) Hota} veh, | £3 SO on 
cme o = alo a oOo a oO nee 
ray 4 iad a =| mo gs} Fears 
3 5 wee lo eSEl yo | BSG} aa |<ees 
be ‘S oF 2S o: omy 
3 x cog lted [azo les | 228] ce. | seed 
E FI HES |eaagr) bao | eg | 285) 838 |eess 
5 ie 880 |eo8.a| sos | san | Pol |] 65) osea 
Z Z a a 4 4 2 a a 
e | 60° -4330 


3 |Triangle ..| 1.1546] .5774| .866 | 1.732 | 120 
4 |Square ....| 1.4142) I. -7071/ I. 2 

5 |Pentagon ..| 1.7012| 1.3764] .5878] .7265) 72 | 108 1.7204 
6 |Hexagon ..| 2. Fogel 5 -5774| 60 | 120 2.5980 
7 |Heptagon .| 2.3048) 2.0766) .4338] .4815|51°-26'| 128 $+ | 3.6339 
8 |Octagon. . .| 2.6132] 2.4142] .3827) .4142| 45 |135 4.8284 
9 |Nonagon . .| 2.9238] 2.7474] .342 | .3639| 40 |140 6.1818 
to|Decagon ..| 3.236 | 3.0776] .309 | .3247| 36 }144 7.6942 
11 |Undecagon | 3.5494| 3.4056) .28r7] .2936)32°-43 | 14733;| 9.3656 
12 | Dodecagon | 3.8638] 3.732 | .2588] .2679] 30 |150 |11.1961 


Table of Regular Polygons 


Looking in the third column we find ‘Diameter of circle that will 
just enclose it,’ and opposite pentagon we find 1.7012 as the circle 
that will just enclose a pentagon having a side equal to 1. This 
may be 1 inch or 1 anything else, so as we are dealing in inches we 
call it inches. As the side of the pentagon is to be 14 inches we 
multiply 1.7012 by 14 and get 2.5518 as the diameter of circle to draw, 
and take half of this or the radius 1.2759 in the compass to draw 
the circle. Then with 14 inches in the dividers we space round 
circle, and if the work has been carefully done it will just divide it 
into five equal parts. Connect these points by straight lines, and 
you have a pentagon with sides 1} inches long. 
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If the pentagon is to go inside a circle of given diameter, say 2 
inches, look under column 5 which gives ‘‘ Length of side when diam- 
eter of enclosing circle equals 1,’”’ and find 5878. Multiply by 2 as 
this is for a 2-inch circle, and the side will be 2 X .5878 = 1.1756. 
Take this distance in the dividers and step around the 2-inch circle. 

Assume that it is necessary to have a triangular end on a round 
shaft, how large must the shaft be to give a triangle 1.5 inches on 
a side? 

Look in the table under column 3, and opposite triangle find 
1.1546, meaning that where the side of a triangle is 1, the diameter 
of a circle that will just enclose it is 1.1546. As the side is 1.5, we 
have 1.5 X 1.1546 = 1.7318, the diameter of the shaft required. 
If the corners need not be sharp probably a shaft 1.625 would 
be ample. 

Reversing this to find the size of a bearing that can be turned on 
a triangular bar of this size, look in column 4, which gives the 
largest circle that will go inside a triangle with a side equal to 1. 
This gives .5774. Multiply this by 1.5 = .866r. 

A square taper reamer is to be used which must ream 1 inch at 
the small end and 1.5 at the back, what size must this be across the 
flats at both places? 

Under column 5 find .7071 as the length of the side of a square 
when the diameter of the enclosing circle is 1, so this will be the side 
of the small end of the reamer and 1.5 X .7071 = 1.0606 is the 
side of the reamer at the large end. 


FINDING THE RADIUS WITHOUT THE CENTER 


Ir sometimes happens in measuring up a machine that we need 
to know the radius of curves when the center is not accessible. 
Three such cases are shown in Figs. 9, 10, and 11, the first two being 
a machine and the last a broken pulley. In Fig. 9 the rule is short 
enough to go in the curve while in Fig. 1o it has one end touching 
and the other across the sides. It makes no difference which is 
used so long as the distances are measured correctly, the short dis- 
tance or versed sine being taken at the exact center of the chord 
and at right angles to it. It is easier figuring when the chord or the 
hight are even inches, so in measuring slip the rule until one or the 
other comes even; sometimes it is better to make the hight come 
1 inch and let the chord go as it will, while at others the reverse may 
be true. The rule for finding the diameter is: Square half the chord, 
add to this the square of the hight, and divide the whole thing by 
the hight. 

If the chord is 6 inches, as in Fig. 9, and the hight 14 inches we have 


$ chord? + hight? _ 37+ 13?_ 9 + 2} _ 11} 

hight tl Thien ars 

Or as shown in Fig. 10 the chord is 10 inches and the hight r inch, 
then the figures are 

(alin cop SY, aa S 

Aisi ead: Sala 


= 74 inches. 


= 26 inches. 
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In Fig. 11 we have a piece of a broken pulley, and find the chord 
B to be 24 inches, and the hight A to be 2 inches. This becomes 
I2AE TAA Ae EAS 

2 2 2 
74 inches. 


74, so that the diameter of the pulley is 


FIG, I1 
Finding the Radius without Center 


PROPERTIES OF REGULAR FIGURES 
The Circle 


A circle is a continuous curved line having every point at an equal 
distance from the center. 

Its perimeter or circumference is always 3.14159265359 times the 
diameter, although 3.1416 is generally used and 3 is a very close 
approximation. 

Area equals the diameter squared X .7854, or half the diameter 
squared X 3.1416, or half the diameter * half the circumference. 

Diameter of a square having equal area = diameter of circle 
times .89 very nearly. 


Triangle 


Equilateral triangle is a regular figure having three equal sides 
and three equal angles of 6o degrees each. 

The side equals .866 times the diameter of enclosing circle. 

Distance from one side to opposite point equals the side times 
.366 or diameter of enclosing circle X .75 or inside circle X 14. 

Diameter of enclosing circle equals the side times 1.1546 or 14 
times distance from side to point or twice inside circle. 

Diameter of inside circle equals side times .5774 or 4 the enclosing 
circle. 

The area equals one side multiplied by itself and by .433013. 

Diameter of circle having equal area equals side of triangle times .73. 


528 SHOP TRIGONOMETRY 


The Square 


A square is a figure with four equal sides and four equal angles 
of go degrees. 

Its perimeter or outside surface is four times the length of one side. 

Area equals one side multiplied by the other which is the same as 
multiplying by itself or “‘squaring.” 

Diagonal or “long diameter,” or “distance across corners,’ equals 
the side multiplied by 1.414. 

Area of circie that will go inside the square equals one side mul- 
tiplied by itself times .7854 or .7854 times the area of the square. 

Area of circle that will just enclose the square equals diagonal 
multiplied by itself times .7854 or 1.27 times the area of the square. 

Diameter of a circle having an equal area is 1.126 or practically 
1} times the side of the square. 


The Hexagon 


A hexagon is a regular figure with six equal sides and six equal 
angles of 120 degrees. It can be drawn inside a circle by spacing 
around with the radius of the circle. 

The side equals half the diameter of enclosing circle. 

The long diameter equals diameter of enclosing circle of twice the 
length of one side. 

The short diameter equals the long diameter multiplied by .866 
or 1.732 times one side. 

The area equals one side multiplied by itself and by 2.5981. 

The area of enclosing circle is one side multiplied by itself and 
by 3.1416. 

The area of an inside circle is the short diameter multiplied by 
itself and by .7854. 

Diameter of circle having equal area is practically .g times long 
diameter. 


The Octagon 


An octagon is a regular figure with eight equal sides and eight 
equal angles of 135 degrees. 

The side equals the long diameter multiplied by .382. 

The side equals the short diameter multiplied by .4r5. 

The long diameter equals diameter of enclosing circle or one side 
multiplied by 2.62. 

The short diameter equals the long diameter multiplied by .93, 
or one side multiplied by 2.45. 

The area equals one side multiplied by itself and by 4.8284. 

The area of enclosing circle is 1-126 times area of octagon. 

The area of inside circle is .972 times area of octagon. 

The diameter of a circle having equal area is .953 times the long 
diameter of the octagon. 


7 
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0° ite 2° 3° 
Tan. | Co-ran. || TAN. | Co-Tan.|| Tan. | Co-TAn.|| Tan..|Co-TAn.| / 
.oo000 | Infinite. |} .01746 | 57.2000 || .03492 | 28.6363 || .o5241 | 19.0811 | 60 
.00029 | 3437-750 || .01775 | 56.3506 || .03521 | 28.3004 || .05270 | 18.0755 | 50 
00058 | 1718.870 || .01804 | 55.4415 || 03550 | 28.1664 || 05209 | 18.8711 | 58 
.00087 | 1145.920 || .01833 | 54-5613 || .03579 | 27-9372 || 05328 | 18.7678 | 57 
60116 | 859.436 || 01862 | 53-7086 || .03609 | 27.7117 || .05357 | 18.6656 | 56 
00145 | 687.549 || .o1891 | 52.8821 || .03638 | 27.4800 || .05387 | 18.5645 | 55 
.00175 | 572.057 01920 | 52,0807 || .03067 | 27.2715 || .05416 | 18.4645 | 54 
00204 | 491.106 || .o1949 | 51.3032 || .03606 | 27.0560 || .05445 | 18.3655 | 53 
.00233 | 429.718 || .01978 | 50.5485 || .03725 | 26.8450 || .05474 | 18.2677 | 52 
.00262 | 381.971 .02007 | 49.8157 || .03754 | 26.6367 || .05503 | 18.1708 | 5r 
002901 | 343.774 || 02036 | 40.1039 || .03783 | 26.4316 || .05533 | 18.0750 | 50 
.00320 | 312.521 .02066 | 48.4121 |} .03812 | 26.2296 || .05562 | 17.9802 | 49 
,00349 286.478 .02095 | 47-7395 || .03842 | 26.0307 || .o55901 | 17.8863 | 48 
100378 | 264.441 02124 | 47.0853 || .03871 | 25.8348 || .05620 | 17-7934 | 47 
,00407 | 245.552 02153 | 46.4489 || .03900 | 25.6418 || .05649 | 17.7015 | 46 
00436 | 229.182 .02182 | 45.8204 || .03929 | 25.4517 || .05678 | 17.6106 | 45 
00465 | 214.858 || .o2211 | 45.2261 || .03958 | 25.2644 || .05708 | 17.5205 | 44 
.00495 | 202.219 || .02240 | 44.6386 || .03987 | 25.0708 || .05737 | 17-4314 | 43 
.00524 190.984 02209 | 44.0061 || .o4o16 | 24.8978 || .05766 | 17.3432 | 42 
£00553 180.932 022098 | 43.5081 || .04046 | 24.7185 || .05705 | 17-2558 | 41 
00582 171.885 || .02328 | 42.9641 || .04075 | 24.5418 || .o5824 | 17.1693 | 40 
00611 | 163.700 || .02357 | 42-4335 || 04104 | 24.3675 || .05854 | 17.0837 | 30 
.00640 | 156.259 || .02386 | 41.9158 || .04133 | 24.1957 || .05883 | 16.9990 | 38 
.00669 149.465 002415 | 41.4106 || .04162 | 24.0263 || .o5912 | 16.9150 | 37 
.00608 143-237 02444 | 40.9174 || .o41g91 | 23.8593 || .05041 | 16.8319 | 36 
00727 | 137.507 || 02473 | 40.4358 || .04220 | 23.6945 || .05070 | 16.7400 | 35 
00750 132.219 .02502 | 39.9655 || .04250 | 23.5321 || .o59009 | 16.6681 | 34 
00785 127.321 02531 | 39-5050 || .04279 | 23.3718 || .060209 | 16.5874 | 33 
00814 122.774 |! 02560 | 39.0568 || .04308 | 23.2137 || .06058 | 16.5075 | 32 
00844 118.540 .02589 | 38.6177 || .04337 | 23.0577 || .06087 | 16.4283 | 31 
00873 114.589 || 02619 | 38.1885 || .04366 | 22.9038 || .06116 | 16.3499 | 30 
.00902 110.892 02648 | 37.7686 || .04305 | 22.7519 || .06145 | 16.2722 | 29 
.00931 107.426 02677 | 37-3579 || .04424 | 22.6020 || .06175 | 16.1952 | 28 
.00960 104.171 -02706 | 36.9560 || .04454 | 22.4541 || .06204 | 16.1190 | 27 
.00989 IOI.107 02735 | 36.5627 || .04483 | 22.3081 || .06233 | 16.0435 | 26 
.o1018 98.2179 || .02764 | 36.1776 || .04512 | 22.1640 || .06262 | 15.9687 | 25 
.O1047 95-4895 || .02793 | 35-8006 || .04541 | 22.0217 || .o6291 | 15.8045 | 24 
.01076 92.9085 || .02822 | 35.4313 || .04570 | 21.8813 || .06321 | 15.8211 | 23 
.OTI05 90.4633 || .02851 | 35.0695 || 04500 | 21.7426 || .06350 | 15-7483 | 22 
.O1135 88.1436 || .o2881 | 34.7151 || 04628 | 21.6056 || .063709 | 15.6762 | 21 
.O1164 85.0308 || .02910 | 34.3678 || .04658 | 21.4704 || .06408 | 15.6048 | 20 
01193 83.8435 || .02030 | 34.0273 || 04687 | 21.3360 || .06437 | 15-5340 | 10 
.01222 81.8470 || .02968 | 33.6035 || .04716 | 21.2049 || .06467 | 15.4638 | 18 
sO 251 79-9434 || 02007 | 33-3662 || .04745 | 21.0747 || 06406 | 15.3043 | 17 
01280 78.1263 || .03026 | 33-0452 || .04774 | 20.9460 || .o6525 | 15.3254 | 16 
.01300 76.3900 || .03055 | 32.7303 || .04803 | 20.8188 || .06554 | 15.2571 | 15 
01338 74.7202 || .03084 | 32.4213 || .04832 | 20.6932 || .06584 | 15.1803 | 14 
.01307 73-1390 || .03114 | 32.1181 || .04862 | 20.5601 || .06613 | 15.1222 | 13 
£01306 71.6151 || .03143 | 31.8205 || 04891 | 20.4465 || 06642 | 15.0557 | 12 
.01425 70.1533 || .03172 | 31-5284 || .04920 | 20.3253 || .06671 | 14.0808 | 11 
sO8455 68.7501 || .03201 | 31.2416 || .04949 | 20.2056 || .06700 | 14.9244 | Io 
.01484 67.4019 || .03230 | 30.9509 || .04978 | 20.0872 || .06730 | 14.8506 | 9 
01513 66.1055 || .03259 | 30.6833 || .05007 | 19.9702 || .06750 | 14-7054| 8 
.O1542 64.8580 || .03288 | 30.4116 |} .05037 | 10-8546 || .06788 | 14.7317 Ui) 
.O1571 63-6567 || .03317 | 30.1446 || .05006 | 19.7403 || .06817 | 14.6685 | 6 
.01600 62.4992 || -.03346 | 29.8823 || .05005 | 10.6273 || .06847 | 14.6050 5 
.01629 61.3829 || .03376 | 20.6245 || .05124 | 10-5156 || .06876 | 14.5438 | 4 
01658 60.3058 || .03405 | 20-3711 || .05153 | 10.4051 || .c6905 | 14.4823 | 3 
.01687 59.2650 || 03434 | 20.1220 || .05182 | 19.2059 || .06034 | 14-4212 | 2 
01716 58.2612 || .03463 | 28.8771 || 05212 | 19.1879 || .06063.} 14.3607 I 
01746 57-2900 || .03402 | 28.6363 || 05241 | 19.0811 || .069003 | 14.3007] © 
Co-TAN, Tan. ||Co-ran.| Tan. ||Co-ran.| Tan. ||Co-ran.| Tan. | ‘ 
gg° 88° 87° 86° 
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5° 


Tan. 


Co-TAN, 


13.6719 
13.6174 
13-5034 
13.5008 
13-4506 
13-4039 
13-3515 
13-2000 
13-2480 
13-1969 
13-1461 
13.0058 
13.0458 
12.9962 
12.9460 
12.8981 
12.8496 
12.8014 
12.7536 
12.7062 
12.6591 
12.6124 
12.5660 
12.5100 
12.4742 
12.4288 
12.3838 
12.3300 
12.2940 
12.2505 


12,2067 
12.1632 
12.1201 
12.0772 
12.0340 
11.9023 
11.9504 
11.9087 
11.8673 
11.8262 


11.7853 
11.7448 
11.7045 
11.6645 
11.6248 


11.4301 
11.3919 
11.3540 
11.3163 
11.2789 
I1.2417 
11.2048 
11.1081 
I1.1316 
11.0054 
IT.0504 
11.0237 
10.9882 
10.9520 
10.9178 
10.8829 
10.8483 
10.8139 
10-7797 
10.7457 
10.7119 
10.6783 
10.6450 
10.6118 
10.5789 
10.5462 
10.5136 
10.4813 
10.4401 
10.4172 
10.3854 
10.3538 
10.3224 
10.2013 
10.2602 
10.2204 
10.1088 
10.1683 
10,1381 
10.1080 
10.0780 


10.0483 

10.0187 
9.98031 
9.96007 
9.03101 
9.902TI 
9.87338 
9.84482 
9.81641 
0.78817 
9.76009 
9-73217 
9-70441 
9.67680 
9-64935 
9.62205 
9.59490 
9.56701 
9.54106 


9-51436 


TAN. 
° 


+10628 | 9.40904 
10657 | 9.38307 
-10087 | 9.35724 
+10716 | 9.33154 
+10746 | 9.30500 
+10775 | 9.28058 
-10805 | 9.25530 


-10834 | 9.23016 
+10863 | 9.20516 
-10893 | 9.18028 
+10922 | 9.15554 
+10952 | 9.13003 
-TO98T | 9.10646 
-TIOI1 | 9.08211 
-11040 | 9.05780 
+11070 | 9.03370 
+ 11099 | 9.00083 
-11128 | 8.98508 
-11158 | 8.96227 
-11187 | 8.93867 
«11217 | 8.91520 
.11246 | 8.89185 
-11276 | 8.86862 
-11305 | 8.84551 
11335 | 8.82252 
-11364 | 8.79064 
+11304 | 8.77089 
-11423 | 8.75425 
-11452 | 8.73172 
-11482 | 8.70031 
-11§tr | 8.68701 
-11541 | 8.66482 
+11570 | 8.64275 
«11600 | 8.62078 
-11629 | 8.59893 
-11650 | 8.57718 
-11688 | 8.55555 


11718 | 8.53402 
11747 | 8.51259 
-119777 | 8.49128 
.11806 | 8.47007 
-11836 | 8.44806 
-11865 | 8.42705 
11895 | 8.40705 
-11924 | 8.38625 
-t1954 | 8.36555 
-11083 | 8.34496 
12013 | 8.32446 
-12042 | 8.30406 
.12072 | 8.28376 
-t2101 | 8.26355 
-12131 | 8.24345 
«12160 | 8.22344 
-12190 | 8.20352 
12219 | 8.18370 
-12249 | 8.16308 
-12278 | 8.14435 


-12278 
+12308 
112338 
+12307 
+12307 
+12426 
«12456 
.12485 
+12515 
12544 
+12574 
-12603 
+12633 
«12062 
-12692 
112722 
-12751 
-12781 
112810 
«12840 
.12869 
.12809 
.129020 
112058 
«12988 
+13017 
+1 3047 
+13076 
«13106 
+13136 
+13105 
+13105 
+13224 
+13254 
113284 
113313 
133343 
+13372 
+13402 
+13432 
13461 
-13491 
13521 
«13550 
113580 
13600 
+1 3630 
113669 
13608 
-13728 
13758 
-13787 
13817 
13846 
13876 
13906 
13035 
-13005 
139005 
-14024 
-14054 


7:77935 
7-75254 
7-73480 
TT1715 
760057 
7.68208 
766466 
764732 
763005 
761287 
750575 
7-57872 
7.56176 
7-54487 
7.52806 
7-51132 
7-40405 
7-47806 
740154 
7-44500 
7.42871 
741240 
7-30616 
7-37 

736380 
734786 
7:33100 
7-31600 
7.30018 
7.28442 
7.20873. 


7+25310 
7-23754 
7-22204 
7.20001 
719125 
617504 
7.16074 
7-14553 
7.13042 
7-11537 


Co-TaN. TAN. Co-TAN. ‘TAN. 
ae ade 


83 


al crebitesiater asics 


NATURAL TANGENTS 


g° 


Tan. | Co-TAN. 


«15838 | 6.31375 


-15808 | 6.30189 
+15898 | 6.29007 
-15928 | 6.27820 
+15958 | 6.26655 
+15088 | 6.25486 
-16017 | 6.24321 
.16047 | 6.23160 
-16077 | 6.22003 
.16107 | 6.20851 
+16137 | 6.19703 
.16167 | 6.185509 
-16196 | 6.17410 
-16226 | 6.16283 
«16256 | 6.15151 
-16286 | 6.14023 
.16316 | 6.12899 
-16346 | 6.11770 
-16376 | 6.10664 
-16405 | 6.09552 
-16435 | 6.08444 
-16465 | 6.07340 
.16495 | 6.06240 
-16525 | 6.05143 
-16555 | 6.04051 
«16585 | 6.02062 
-16615 | 6.01878 
+16645 | 6.007907 
-16674 | 5.09720 
-16704 | 5.98646 
-16734 | 5.97570 
.16764 | 5.96510 
16704 | 5.05448 
16824 | 5.94399 
10854 | 5-93335 
-16884 | 5.92283 
*10014 | 5.01235 
+16044 | 5.90191 
-16074 | 5.80151 
-17004 | 5.88114 
+17033 | 5.87080 
.17063 | 5.86051 
-17093 | 5.85024 
-17123 | 5.8400r 
-17153 | 5-82982 
17183 | 5.81966 
317213 | 5.80953 
+17243 | 5-79044 
-17273 | 5-78038 
-17303 | 5-77930 
-17333 | 5-76937 
-17363 | 5.75041 
-17393 | 5-74949 
-17423 | 5-73900 
-17453 | 5-72074 
-17483 | 5.71002 
+17513 | 5.71013 
+17543 | 5.70037 
+17573 | 5.69004 
-17603 | 5.68004 
-17633 | 5.67128 


AND CO-TANGENTS 531 
10° 11° 


Tan, | Co-ran.|| Tan. | Co-Tan. | / 


-17633 | 5.67128 || .19438 | 5.14455 | 60 
+17663 | 5.66165 || .19468 | 5.13658 | 50 
+17693 | 5.65205 || .19498 | 5.12862 | 58 
+17723 | 5.64248 || .19520 | 5.12069 | 57 
+7753 | 5.03295 || -19550 | 5.11279 | 56 
17783 | 5.62344 || .19580 | 5.10490 | 55 
+17813 | 5.61397 || .19019 | 5.00704 | 54 
+17843 | 5.60452 || .19649 | 5.08921 | 53 
-17873 | 5.59511 || -19680 | 5.08139 | 52 
-17903 | 5-58573 || 19710 | 5.07360 | 51 
+17933 | 5-57638 || -19740 | 5.00584 | 50 


:17963 | 5.56700 || .19770 | 5.05809 | 40 
-179003 | 5-55777 || 19801 | 5.05037 | 43 
-18023 | 5.54851 || .19831 | 5.04267 | 47 
-18053 | 5.53927 || -19861 | 5.03499 | 46 
-18083 | 5.53007 || 19801 | 5.02734 | 45 
-18113 | 5.52090 |] .1902T | 5.01971 | 44 
-18143 | 5.51176 |} 19052 | 5.01210 | 43 
-18173 | 5.50264 |] .19082 | 5.00451 | 42 
+18203 | 5.49356 || .20012 | 4.co6Q95 | 41 
-18233 | 5.48451 || .20042 | 4.08040 | 40 
.18263 | 5.47548 |] .20073 | 4.98188 | 30 
-18293 | 5.46648 || .20103 | 4.07438 | 38 
+18323 | 5-45751 || -20133 | 4.06690 | 37 
18353 | 5.44857 |] .20164 | 4.05045 | 36 
+18383 | 5.439606 || .20194 | 4.05201 | 35 
18414 | 5.43077 |] .20224 | 4.04460 | 34 
-18444 | 5.42102 || .20254 | 4.03721 | 33 
-18474 | 5.41309 |] -20285 | 4.92084 | 32 
+18504 | 5.40420 || .20315 | 4.92249 | 31 
+18534 | 5-39552 || 20345 | 4.91516 | 30 
18564 | 5.38677 || .20376 | 4.90785 | 29 
-18594 | 5.37805 || .20406 ] 4.90056 | 28 
-18624 | 5.36936 || .20436 | 4.89330 | 27 
-18654 | 5.36070 || .20466 | 4.83605 | 26 
-18684 | 5.35206 || .20407 | 4.87882 | 25 
18714 | 5.34345 || 20527 | 4.87152 | 24 
18745 | 5.33487 || .20557 | 4.86444 | 23 
-18775 | 5.32631 || .20588 | 4.85727 | 22 
+18805 | 5.31778 || .20618 | 4.85013 | 2 
+18835 | 5.30928 || .20648 | 4.84300 | 20 


«18865 | 5.30080 || .20679 | 4.83500 | 10 
18895 | 5.29235 || -20709 | 4.82882 | 18 
«18925 | 5.28393 || -20739 | 4.82175 | 17 
«18955 | 5.27553 || -20770 | 4.81471 | 16 
-18986 | 5.26715 || .20800 | 4.80769 | 15 
«19016 | 5.25880 || .20830 | 4.80068 | 14 
«19046 | 5.25048 || -2086r | 4.70370 | 13 
-19076 | 5.24218 || -20891 | 4.78673 | 12 
«19106 | 5.23391 || -20021 | 4.77978 | II 
-19136 | 5.22566 || .20952 | 4.77286 | 10 
-19166 | 5.21744 || .20082 | 4.76505 
19107 | 5.20025 || .21013 | 4.75906 
+19227 | 5.20107 || .21043 | 4.75219 
-19257 | 5-19203 || -21073 | 4.74534 
-19287 | 5.18480 || .21104 | 4.73851 
-IO317 | 5.17671 || -21134 | 4.73170 
-19347 | 5.16863 || .21164 | 4.72490 
-19378 | 5.16058 || -21105 | 4.71813 
-19408 | 5.15256 || .21225 | 4.71137 
-19438 | 5.14455 || -21256 | 4.70403 


Teirber nea is 


ge 
¢ | Tan. | Co-ran. 
© | .14054 | 7.11537 
I | .14084 | 7.10038 
2 | .14113 | 7.08546 
3 | 14143 | 7.07059 
4 | -14173 | 7.05579 
5 | .14202 | 7.04105 
6 | .14232 | 7.02637 
7 | 14202 | 7.011374 
8 | .14201 | 6.99718 
9 | -1432T | 6.98268 
IO | .14351 | 6.96823 
11 | .14381 | 6.95385 
I2 | .14410 | 6.93052 
13 | -14440 | 6.92525 
14 | .14470 | 6.91104 
15 | .14409 | 6.89688 
16 | .14529 | 6.88278 
17 | 14559 | 6'86874 
18 | .14588 | 6.85475 
19 | .14018 | 6.84082 
20 | .14648 | 6.82604 
2r | .14678 | 6.81312 
22 | .14707 | 6.79036 
23 | -14737 | 6.78564 
24 | .14767 | 6.77100 
25 | .14790 | 6.75838 
26 | .14826 | 6.74483 
27 | .14856 | 6.73133 
28 | .14886 | 6.71780 
29 | .14915 | 6.70450 
30 | -14045 | 6.69116 
3i | .14975 | 6.67787 
32 | .15005 | 6.66463 
33 | -15034 | 6.65144 
34 | -15064 | 6.63831 
35 | .158004 | 6.62523 
30 | .15124 | 6.61210 
37 | -I5153 | 6.59921 
38 | -15183 | 6.58627 
39 | -15213 | 6.57330 
4° | -15243 | 6.50055 
41 | .15272 | 6.54777 
42 | .15302 | 6.53503 
43 | -15332 | 6.52234 
44 | .15302 | 6.50070 
45 | -15301 | 6.49710 
40 | 15421 | 6.48456 
47 | -15451 | 6.47206 
48 | 15481 | 6.45061 
49 | -I5SII | 6.44720 
5° | -15549 | 6.43484 
51 | -1557° | 6.42253 
52 | -15600 | 6.41026 
53 | -15630 | 6.39804 
54 | -15660 | 6.38587 
55 | «15080 | 6.37374 
56 | .15719 | 6.36165 
57 | -15749 | 6.34061 
58 | -15779 | 6.33761 
59 | .15800 | 6.32566 
6o | .15838 | 6.31375 
’ | Co-ran. ol AN 


Co-ran.| TAN. 


. 


Co-ran.' Tan. |iCo-ran.| Tan. 
79° 78° 


532 
12° 
| Tan. , Co-TAN. 
© | .21256 | 4.70463 
I | .21286 | 4.69791 
2 | .21316 | 4.69121 
3 | -21347 | 4.08452 
4 | -21377 | 4.67786 
5 | .21408 | 4.67121 
6 | .21438 | 4.66458 
7 | -21469 | 4.05707 
8 | .21400 | 4.65138 
9 | .21520 | 4.64480 
10 | .21560 | 4.63825 
II | .21590 | 4.63171 
12 | .21621 | 4.62518 
13 | -21651 | 4.61868 
14 | .21682 | 4.612190 
15 | .21712 | 4.60572 
16 | .21743 | 4.50027 
17 | .21773 | 4.59283 
18 | .21804 | 4.58641 
19 | .21834 | 4.58001 
20 | .21864 | 4.57363 
21 | .21895 | 4.56726 
22 | .21925 | 4.56091 
23 | -21056 | 4.55458 
24 | .21986 | 4.54826 
25 | .22017 | 4.541906 
26 | .22047 | 4.53568 
27 | .22078 | 4.52041 
28 | .22108 | 4.52316 
29 | .22130 | 4.51603 
30 | .22169 | 4.51071 
31 | .22200 | 4.50451 
32 | -22231 | 4.40832 
33 | -22261 | 4.49215 
34 | .22292 | 4.48600 
35 | -22322 | 4.47086 
36 | .22353 | 4.47374 
37 | -22383 | 4.46764 
38 } .22414 | 4.46155 
39 | 22444 | 4.45548 
40 | .22475 | 4.44942 
41 | .22505 | 4.44338 
42 | .22530 | 4.43735 
43 | .22567 | 4.43134 
44 | .22507 | 4-42534 
45 | .22628 | 4.41936 
40 | .22658 | 4.41340 
47 | .22089 | 4.40745 
48 | .22710 | 4.40152 
49 | .22750 | 4.30560 
50 | .22781 | 4.38960 
51 | .228r1 | 4.38381 
$2 | 22842 | 4.37703 
53 | .22872 | 4.37207 
54 | -22903 | 4.36623 
55 | -22034 | 4.36040 
56 | .22064 | 4.35450 
57 | -22005 | 4.34870 
58 | .23026 | 4.3.4300 
59 | -23056 | 4.33723 
-23087 | 4.33148 
’ | Co-TAN. 


NATURAL TANGENTS 


4:33148 
432573 
4.32001 
4-31439 
4.30860 
4-30201 
4.20724 
4-29150 
4-28505 
4-28032 
4-27471 
4.26011 
4-20352 
4-25795 
4-25239 
4:24085 
4-24132 
4.23580 
4-23030 
4.22481 
4-21033 
4.21387 
4.20842 
4.20208 
4:10750 
4.10215 
4.18675 
4.18137 
4.17000 
4-17064 
4-10530 


4.15097 
4-15405 
414034 
414405 
4.13877 
4:13350 
4.12825 
4-12301 
4-11778 
4.11256 


4:10736 


AND CO-TANGENTS 


4.01078 
4.00582 
4.00086 
3-90502 
3-99009 
3-98607 
3-08117 
3-97627 
3-07139 
3.900051 
3.90165 
3:05680 
3-95106 
3-04713 
3-04232 
3-03751 
3-03271 
3-92793 
3-02316 
3-01839 
3.91304 
3.90890 
3-00417 
3-80045 
3:80474 
3.89004 
3-88536 
3.88068 
3-87601 
3-87136 
3-86671 
3-86208 
3.85745 
3.85284 
3-84824 
384364 
3-83006 
383449 
| 3.82092 
3-82537 
3-82083 
3-81630 
381177 
3.80726 
3.80276 
3-79827 


3-78031 
3-78485 
3-78040 
3-77595 
3-77152 
3-76700 
3-76268 
3-75828 
3-75388 
3-74950 
3:74512 
3-74075 
3-73640 


TAN. 


75° 


3-79378. 


3-73205 


-26705 
-26826 
-26857 
+2 

.26920 
+20051 
+26982 
27013 
127044 
+27076 
27107 
27138 
-27169 
27201 
127232 
+27263 
+27204 
27320 
27357 
127388 
27410 
27451 
27482 
+27513 
27545 
+27570 
+27007 
-27038 
.27670 
27701 
27732 
+2764 
27795 
.27826 
27858 
278890 
+27920 
27952 
-27083 
.28015 
.28046 
28077 
-28109 
28140 
28172 
.28203 
.28234 
.28266 
-28207 
-28320 
.28360 
28301 
.28423 
-28454 
28486 
.28517 
28549 
.28580 
28612 
-28643 
28675 


15° 


Co-TAN 


3-73205 
3+72771 
3-72338 
3-71907 
3-71470 
3-71046 
3-70016 
3-70188 
3-60761 
3-60335 
3-68909 
3.68485 
3.08061 
3.67638 
3:07217 
366706 
3-66376 
3-65057 
3-65538 
3-65121 
3-64705 
3-64280 
3-63874 


3.60181 
3-59775 
3-5037° 
3-58066 
3-58562 
3-58160 
3-57758 
3-57357 
3-50057 
3-56557 
3-561590 
3-55761 
3-55304 
3-54908 
3-54573 
3-54179 
3-53785 
3-53393 
3-53001 
3.52609 
3-52210 
3-51829 
3-51441 
3-51053 
3-§0666 
3-50279 
3-49804 
3-49500 
3-49125 


3-48741 


74° 


4 
Bo mrONRwWHHO | ~ 


NATURAL TANGENTS AND CO-TANGENTS = 533 


16° aly 6g 18° 19° 

Tan. | Co-ran.|| TAN. | Co-ran.|| Tan. | Co-rTan.|} TAN. | Co-Tan. |.’ 

-28675 | 3.48741 || .30573 | 3.27085 || -32492 3.07768 | -34433 | 2.90421 | 60 
-28706 | 3.48350 || -30605 | 3.26745 || .32524 | 3-07464 || .34405 | 2.00147 | 50 
.28738 | 3.47977 || -30637 | 3.26406 || .32556 | 3.07160 || .34408 | 2.80873 | 58 
.28769 | 3.47506 || .30669 | 3.26067 || -32588 | 3.06857 || .34530 | 2.89600 | 57 
.28800 | 3.47216 || .30700 | 3.25720 || .32621 | 3.06554 || -34503 | 2.80327 | 56 
.28832 | 3-40837 || .30732 | 3-25302 || .32653 | 3.06252 || 34596 | 2.80055 | 55 
28864 | 3.46458 || .30764 | 3.25055 || .32685 | 3.05950 || .34028 | 2.88783 | 54 
.28895 | 3.46080 |} .30700 | 3.24710 || 32717 3.05649 || .34061 | 2.88511 | 53 
.28927 | 3-45703 || .30828 | 3.24383 || 32740 | 3.05340 || 34603 | 2.88240 | 52 
28058 | 3-45327 || -30860 | 3.24040 || .32782 | 3.05049 || -34726 | 2.87970 | 51 
.28990 | 3-44951 || .30801 | 3-23714 || “32814 | 3.04749 || 34758 | 2.87700 | 50 
-2902t | 3.44576 || .30023 | 3-23381 || .32846 | 3.04450 || -347901 | 2.87430 | 49 
29053 | 3.44202 || .30955 | 3-23048 || .32878 | 3.04152 || .34824 | 2.87161 | 48 
29084 | 3.43829 || .30087 | 3.22715 || 32011 | 3.03854 || .34856 | 2.86802 | 47 
.29116 | 3.43456 || .31019 | 3.22384 |] -32043 | 3.03550 || .34889 | 2.86624 | 46 
.29147 | 3-43084 || .31051 | 3.22053 || -32075 | 3-032060 || .34922 | 2.86350 | 45 
29170 | 3.42713 || «31083 | 3.21722 || -33007 | 3.02063 |] -34054 | 2.86080 | 44 
.29210 | 3.42343 || .31115 | 3.21302 || .33040 | 3.02667 || .34087 | 2.85822 | 43 
-29242 | 3.41973 || -31147 | 3-21063 || 33072 | 3.02372 || -35010 | 2.85555 | 42 
-29274 | 3.41604 || .31178 | 3.20734 || -33104 | 3.02077 || .35052 | 2.85289 | 41 
.29305 | 3-41230 || .31210 | 3.20406 || .33130 | 3.01783 || .35085 | 2.85023 | 40 
.29337 | 3.40869 || .31242 | 3.20079 || -33160 | 3.014809 || .35117 | 2.84758 | 30 
.29308 | 3.40502 || .31274 | 3-10752 || -33201 | 3.01196 || 35150 | 2.84404 38 
29400 | 3.40136 || .31306 | 3.19426 |] -33233 | 3.00903 || -35183 | 2.84229 | 37 
.20432 | 3.39771 || -31338 | 3-19100 || .33266 | 3.006r1 || .35216 | 2.83965 | 36 
.29463 | 3-30406 || .31370 | 3-18775 || -33208 | 3.00319 || .35248 | 2.83702 | 35 
.29495 | 3-30042 || .31402 | 3.18451 || -33330 | 3.00028 || .35281 | 2.83430 | 34 
.29520 | 3.38679 || .31434 | 3-18127 || -33303 | 2.00738 || -35314 | 2.83176 | 33 
.29558 | 3-38317 || .31460 | 3.17804 || -33305 | 2.90447 || -35346 | 2.82014 | 32 
-29500 | 3-37955 || -31498 | 3-17481 || 33427 | 2.00158 || -35379 | 2.82653 | 31 
29021 | 3.37504 || -31530 | 3-17159 || -33460 | 2.98868 || .35412 | 2.82391 | 30 
29653 | 3.37234 || .31562 | 3.16838 || .33402 | 2.08580 || .35445 | 2.82130 | 20 
.29085 | 3.36875 |] .31594 | 3-16517 || .33524 | 2.08202 || -35477 | 2.81870 | 28 
29716 | 3.36516 || .31626 | 3.16197 || -33557 | 2-98004 || .35510 | 2.81610 | 27 
.29748 | 3.36158 || .31658 | 3-15877 || 33580 | 2.07717 || -35543 | 2.81350 | 26 
29780 | 3.35800 || .31600 | 3.15558 || -33621 | 2.97430 || -35576 | 2.81091 | 25 
29811 | 3.35443 || .31722 | 3-15240 || .33654 | 2.07144 || -35608 | 2.80833 | 24 
-20843 | 3-35087 || 31754 | 3-14922 || -33686 | 2.96858 || .35641 | 2.80574 | 23 
-20875 | 3-34732 || -31786 | 3-14605 || -33718 | 2.06573 || -35674 | 2.80316 | 22 
29906 | 3.34377 || -31818 | 3-14288 || -33751 | 2.96288 || .35707 | 2.80050 | 21 
29938 | 3-34023 || .31850 | 3.13072 || -33783 | 2.96004 || .35740 | 2.79802 | 20 
-29970 | 3.33670 || .31882 | 3-13656 || .33816 | 2.05721 || -35772 | 2.70545 | 19 
.30001 | 3.33317 || -31914 | 3-1334t || -33848 | 2.05437 || 35805 | 2.79280 | 18 
-30033 | 3.32965 || .31946 | 3-13027 || -33881 | 2.05155 || -35838 | 2.79033 | 17 
.30065 | 3.32614 || .31978 | 3-12713 || -33013 | 2.04872 |] -35871 | 2.78778 | 16 
-30097 | 3.32264 || .32010 | 3.12400 || .33045 | 2.04590 |} .35904 | 2.78523 | I5 
30128 | 3.31014 || -32042 | 3.12087 || .33078 | 2.04300 || -35037 | 2.78260 | 14 
.30160 | 3.31565 || .32074 | 3-11775 || -34010 | 2.94028 || .35069 | 2.78014 | 13 
.30192 | 3.31216 || .32106 | 3.11464 || -34043 | 2.03748 || .36002 | 2.77761 | 12 
.30224 | 3.30868 || .32139 | 3-11153 || -34075 | 2.03468 || -36035 | 2.77507 | II 

-30255 | 3.30521 || 32171 | 3-10842 || .34108 | 2.93189 || .36068 | 2.77254 | I0 
30287 | 3.30174 || .32203 | 3.10532 || -34140 | 2.92910 |} .36101 | 2.77002 | 9 
.30319 | 3.29829 || .32235 | 3-10223 || -34173 | 2.02632 || .36134 | 2.76750 8 
.30351 | 3.20483 || -32267 | 3.00914 || -34205 | 2.92354 || .36107 | 2.76408 | 7 
.30382 | 3.29139 || -32299 | 3.00606 || .34238 | 2.92076 || .36109 | 2.76247 6 
.30414 | 3.28795 || .32331 | 3.090208 || -34270 | 2.01799 || .36232 | 2.75906 | 5 
30446 | 3.28452 || .32363 | 3.08001 || .34303 | 2.91523 || .36265 2.75740 4 
30478 | 3.281009 || .32306 | 3.08685 || .34335 | 2-91246 || .36208 | 2.75406 3 
-30509 | 3.27767 || .32428 | 3.08370 || .34308 | 2.90971 || .36331 | 2.75246 2 
-30541 | 3.27426 || .32460 | 3.08073 || .34400 | 2.90606 || .36364 | 2.74907 | I 
«30573 | 3.27085 || .32402 | 3.07768 || .34433 | 2-90421 || .36307 | 2.74748 | 9 

Co-ran.! Tan. ||Co-tan.! Tan. 'O-TAN. Tas. | Co-ran.! Tan. |’ 
73° 72° 71° «|S 70° 


534 NATURAL TANGENTS 


~ 
Co mronaws Ho | ~ 


20° 
TAn. | Co-TAn. 
-36307 | 2.74748 
36430 | 2.74400 
+30463 | 2.74251 
«36496 | 2.74004 
-30520 | 2.73756 
-30562 | 2.73500 
-36505 | 2.73263 
-30628 | 2.73017 
+3066 | 2.72771 
«36094 | 2.72526 
.36727 | 2.72281 
+36760 | 2.72036 
+360703 | 2-71792 
.36826 | 2.71548 
«36859 | 2.71505 
«30892 | 2.71062 
-36925 | 2.70819 
-36958 | 2.70577 
36001 | 2.70335 
37024 | 2.70094 
-37057 | 2.69853 
«37090 | 2.69612 
+37124 | 2.69371 
37157 | 2.69134 
+37190 | 2.68892 | 
-37223 | 2.68653 
-37256 | 2.68414 
37289 | 2.58175 
-37322 | 2.67037 
+37355 | 2-67700 | 
-37388 | 2.67462 
-37422 | 2.67225 
-37455 | 2.66089 
-37488 | 2.66752 
+3752 | 2.66516 
-37554 | 2.66281 
+37588 | 2.66046 
-37621 | 2.65811 
-37054 | 2.65576 
-37687 | 2.65342 
+37720 | 2.65109 
37754 | 2.64875 
+37787 | 2.64642 
-37820 | 2.64410 
+37853 | 2-64177 
-37387 | 2.63045 
+37920 | 2.03714 
+37953 | 2.63483 
-37086 | 2.63252 
-38020 | 2.63021 
-38053 | 2.62791 
-38086 | 2.62561 
-38120 | 2.62332 
-38153 | 2.62103 
-38186 | 2.61874 
.38220 | 2.61646 
-38253 | 2.61418 
+38286 | 2.61190 
38320 | 2.60063 
+38353 | 2.60736 
-38386 | 2.60500 | 
Co-TAN. oF AN 


22 

TAN. 

-38386 | 2.60500 
.38420 | 2.60283 
+38453 | 2.60057 
-38487 | 2.59831 
38520 | 2.50606 
-38553 | 2-50381 
-38587 | 2.50156 
-38620 | 2.58032 
-38654 | 2.58708 
«38087 | 2.58484 
«38721 | 2.58261 
-38754 | 2.58038 
-38787 | 2.57815 
+38821 | 2.57503 
-38854 | 2.57371 
-38888 | 2.57150 
38021 | 2.56928 
-38055 | 2.56707 
«38988 | 2.56487 
-39022 | 2.56266 
+39055 | 2.56046 
+39089 | 2.55827 
+39122 | 2.55608 
+39156 | 2.55380 
+39190 | 2.55170 
+39223 | 2.54052 
-39257 | 2.54734 
+392900 | 2.54516 
-39324 | 2-54209 
+39357 | 2.54082 
+30301 | 2.53865 
+39425 | 2.53048 
+39458 | 2.53432 
+39402 | 2.53217 
+39526 | 2.53001 
+30559 | 2.52786 
+30593 | 2.52571 
+39626 | 2.52357 
+39060 | 2.52142 
+30004 | 2.51929 
*39727 | 2-51715 
+3076 | 2.51502 
-39795 | 2.51289 
30829 | 2.51076 
-30862 | 2.50864 
+30806 | 2.50652 
+30930 | 2.50440 
-30063 | 2.50220 
«30007 | 2-50018 
-40031 | 2.49807 
40005 | 2.49507 
«40008 | 2.49386 
«40132 | 2.40177 
-40166 | 2.48067 
«40200 | 2.48758 
-40234 | 2.48540 
+40207 | 2.48340 
»40301 

+49335 

+40300 


AND CO-TANGENTS 


23° 
Tan. | Co-TAn. 
| ee 
42447 | 2.35585 
42482 | 2.35305 
42516 | 2.35205 
42551 | 2.35015 
42585 | 2.34825 
42610 | 2.34636 
42054 | 2.34447 
42088 | 2.34258 
42722 | 2.34060 
42757 | 2.33881 
42791 | 2.33603 
42826 | 2.33505 
42860 | 2.33317 
42894 | 2.33130 
42929 | 2.32943 
42063 | 2.32756 
42908 | 2.32570 
43032 | 2.32383 
43007 | 2.32197 
+43101 | 2.32012 
43136 | 2.31826 
2.43220 || .43170 | 2.31641 
2.43010 || .43205 | 2.31456 
2.42819 || .43230 | 2.31271 
2.42618 || .43274 | 2.31086 
2.42418 || .43308 | 2.30902 
2.42218 || .43343 | 2.30718 
2.42019 || .43378 | 2.30534 
2.41810 || .43412 | 2.30351 
2.41620 || .43447 | 2.30167 
2.41421 || .43481 | 2.29084 
2.41223 || .43516 | 2.29801 
2.41025 || .43550 | 2.20619 
2.40827 || .43585 | 2.20437 
2.40629 || .43620 | 2.20254 
2.40432 || .43654 | 2.29073 
2.40235 || .43689 | 2.28801 
2.40038 || .43724 | 2.28710 
2.30841 || .43758 | 2.28528 
2.30645 || -43703 | 2.28348 
2.30449 || .43828 | 2.28167 
2.30253 || -43862 | 2.27987 
2.30058 || .43807 | 2.27806 
2.38862 || .43032 | 2.27626 
2.38668 |! .43006 | 2.27447 
2.38473 || .44001 | 2.27267 
2.38279 2.27088 
2.38084 2.26900 
2.37891 2.26730 
2.37097 2.20552 
2.37504 2.20374 
2.37311 2.20106 
2.37118 2.26018 
2.30925 2.25840 
2.36733 2.25663 
2.30541 2.25486 
2.30349 2.25300 
2.30158 2.25132 
2.35007 2.24050 
2.35776 2.24780 
2.35585 2.24604 


lornwauor oo 


>. 
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fae 25° 26° 27° 
1 Tan. |Co-ran.|| Tan. | Co-ran. || Tan. | Co-ran.|} Tan. | Co-Tan. 
o | .44523 | 2.24604 || .46631 | 2.14451 || .48773 | 2.05030 || .50053 | 1.96261 | 60 
x | .44558 | 2.24428 || .46666 | 2.14288 || .48809 | 2.04870 || .50980 | 1.06120 | 50 
2 | .44503 | 2.24252 || .46702 | 2.14125 || .48845 | 2.04728 || .51026 | 1.95070 | 58 
3 | -44627 | 2.24977 || .46737 | 2.13063 || .4888r | 2.04577 || -51063 | 1.95838 | 57 
4 | -44662 | 2.23002 |} .46772 | 2.13801 || .48017 | 2.04426 || .51090 | 1.95608 | 56 
5 | 44607 | 2.23727 || -46808 | 2.13639 || -48053 | 2.04276 || .51136 | 1.05557 | 55 
6 | .44732 | 2.23553 || -46843 | 2.13477 || -48089 | 2.04125 || .51173 | 1.05417 | 54 
7 | 44707 | 2.23378 || .46879 | 2.13316 || .49026 | 2.03975 || .51209 | 1.95277 | 53 
8 | .44802 | 2.23204 }| .46914 | 2.13154 || .49062 | 2.03825 || .51246 | 1.95137 | 52 
9 | -44837 | 2.23030 || .46950 | 2.12093 || -40008 | 2.03675 || .51283 | 1.04007 | 5r 
to | .44872 | 2.22857 || .46985 | 2.12832 || .40134 | 2.03526 || .51319 | 1.94858 | 50 
11 | .44907 | 2.22683 || .47021 | 2.12671 || .40170 | 2.03376 || .51356 | 1-94718 | 40 
12 | .44942 | 2.22510 || .47056 | 2.12511 || .49206 | 2.03227 || .51303 | 1.94579 | 48 
13 | -44077 | 2.22337 || -47002 | 2.12350 || .49242 | 2.03078 || .51430 | 1.04440 | 47 
14 | .45012 | 2.22164 || .47128 | 2.12190 || .49278 | 2.02920 || .51467 | 1.04301 | 46 
15 | -45047 | 2.21992 || .47163 | 2.12030 || .40315 | 2.02780 || .51503 | 1.94162 | 45 
16 | .45082 | 2.218109 || .47109 | 2.11871 || .40351 2.02631 || .51540 | 1.94023 | 44 
17 | 45117 | 2.21647 || -47234 | 2.11711 || .49387 | 2.02483 || .51577 | 1.03885 | 43 
18 | .45152 | 2.21475 || -47270 | 2.11552 || .49423 | 2.02335 || 51614 | 1.93746 | 42 
19 | .45187 | 2.21304 |] .47305 | 2.11302 || -40450 | 2.02187 || .51651 | 1.93608 | 4r 
20 | .45222 | 2.21132 || .47341 | 2.11233 || -49405 | 2.02030 || .516088 | 1.93470 | 4o 
ax | .45257 | 2.20961 || .47377 | 2.11075 |] 49532 | 2.01801 |] .51724 | 1.03332 | 30 
22 | .45202 | 2.20790 || .47412.| 2.10910 |] .49568 | 2.01743 || 51761 | 1.93105 38 
23 | -45327 | 2.20610 || .47448 | 2.10758 || .49604 | 2.01596 || .51798 | 1.03057 | 37 
24 | .45362 | 2.20449 || .47483 | 2.10600 || .49640 | 2.01449 || .51835 | 1.92920 | 36 
25 | .45307 | 2.20278 || .47519 | 2.10442 || .49677 | 2.01302 || .51872 | 1.92782 | 35 
26 | .45432 | 2.20108 |] (47555 | 2.10284 || .40713 | 2.01155 |} .51000 | 1.92645 | 34 
27 | .45407 | 2.19938 || .47500 | 2.10126 || .49749 | 2.01008 |} .51946 | 1.92508 | 33 
28 | .45502 | 2.19769 || .47626 | 2.09069 || .49786 | 2.00862 || .51083 | 1.92371 | 32 
29 | -45537 | 2.10500 || .47662 | 2.00811 || .49822 | 2.007TS || .52020 | 1.92235 | 31 
30 | .45573 | 2.19430 || .47608 | 2.00654 || .49858 | 2.00569 || .52057 | 1.92008 | 30 
31 | .45608 | 2.19261 || .47733 | 2.00408 || .49894 | 2.00423 || -52094 | 1-91962 | 29 
32 | .45043 | 2.19092 || .47760 | 2.00341 || .49031 | 2.00277 || 52131 1.91826 | 28 
33 | -45678 | 2.18923 || .47805 | 2.00184 || .49067 | 2.00131 |} .52168 | 1.91600 | 27 
34 | -45713 | 2.18755 || .47840 | 2.00028 || .50004 | 1.99986 || -52205 | 1.91554 26 
35 | -45748 | 2.18587 || .47876 | 2.08872 || .50040 | 1.90841 || .52242 | 1.91418 | 25 
30 | -45784 | 2.18410 || .47012 | 2.08716 || .50076 | 1.99695 || 52279 | 1.91282 | 24 
37 | -45810 | 2.18251 || .47048 | 2.08560 || .sorr3 | 1-99550 || -52316 | 1.91147 | 23 
38 | .45854 | 2.18084 || .47084 | 2.08405 || .50r49 | 1.90406 || .52353 | I-91012 | 22 
30 | .45889 | 2.17916 || .48019 | 2.08250 || -s0185 | 1.99261 || -52300 | 1.90876 | 21 
40 | 45024 | 2.17740 || -48055 | 2.08004 || .50222 | 1.99116 || .52427 | 1.90741 | 20 
41 | .45960 | 2.17582 || .48091 | 2.07930 || .50258 | 1.98972 || .52464 | 1.90607 | 10 
42 | .45005 | 2.17416 || .48127 | 2.07785 || .so295 | 1.98828 || .52501 | 1.90472 | 18 
43 | -46030 | 2.17249 || .48163 | 2.07630 || .50331 | 1.98684 || .52538 | 1.90337 | 17 
44 | -46065 | 2.17083 || .48108 | 2.07476 || .50368 | 1.98540 || .52575 | 1.90203 | 16 
45 | 46101 | 2.16917 || .48234 | 2.07321 || 50404 | 1.98306 || .52613 | 1.00069 | 15 
46 | .46136 | 2.16751 || .48270 | 2.07167 || .50441 | 1.98253 || -52650 | 1.89035 | 14 
47 | -46171 | 2.16585 || .48306 | 2.07014 || .50477 | 1-08110 || .52687 | 1.89801 | 13 
48 | .46206 | 2.16420 || .48242 | 2.06860 || .50514 | 1.97066 || .52724 | 1.89667 | 12 
49 | -46242 | 2.16255 || .48378 | 2.06706 || .sosso | 1.97823 || .5276r | 1-80533 | 11 
50 | .46277 | 2.16090 || .48414 | 2.06553 || .50587 | 1.97680 || .52708 | 1.89400 | 19 
51 | .46312 | 2.15025 || .48450 | 2.06400 || .s0623 | 1.97538 || -52836 | 1-80266 9 
52 | .46348 | 2.15760 || .48486 | 2.06247 || .50660 | 1.97305 || -52873 | 1-80133 8 
53 | -46383 | 2.15506 || .48521 | 2.060904 || .50696 | 1.07253 || .52010 | 1.89000 7 
54 | .46418 | 2.15432 || .48557 | 2.05042 || .50733 | 1-9711T || .52047 | 1-88867 6 
55 | 46454 | 2.15268 || .48503 | 2.05790 || .50760 | 1.960960 || .52084 | 1.88734 | 5 
56 | .46489 | 2.15104 || .48629 | 2.05637 || .50806 | 1.96827 || .53022 | 1.88602 4 
57 | -46525 | 2.14940 || .48665 | 2.05485 || .50843 | 1.06685 | .53059 | 1.88469 | 3 
58 | .46560 | 2.14777 || 48701 | 2.05333 || 50870 | 1-06544 || .53096 | 1.88337 | 2 
50 | -46505 | 2.14614 || .48737 | 2.05182 || -s0g16 | 1.96402 || .53134 | 1.88205 I 
60 | .46631 | 2.14451 || .48773 | 2.05030 || .sogs3 | 1.06261 || .53171 | 1.88073 ° 
* |Co-ran.! Tan. {\Co-ran.! Tan. {\Co-ran.'! Tan. ||Co-ran.'! Tan. | ’ 
65° 64° 63° 62° 


536 NATURAL TANGENTS 


29° 
Tan. | Co-TAN. 


So mr ANAwW HHO | 


28° 


-53582 | 1.86630 
53020 | 1.86490 
-53057 | 1.86360 
-53694 | 1.86230 
-53732 | 1.86109 
+53769 | 1.85070 
«53807 | 1.85850 
-53844 | 1.85720 
-53882 | 1.85501 
«53920 | 1.85462 
53957 | 1.85333 
53905 | 1.85204 
54032 | 1.85075 
+§4070 | 1.84046 
+54107 | 1.84818 
54145 | 1.84680 
54183 | 1.84561 
54220 | 1.84433 
54258 | 1.84305 
54206 | 1.84177 
+54333 | 1.84049 
-54371 | 1.83022 
+54409 | 1.83704 
+54440 | 1.83667 
-54484 | 1.83540 
+54522 | 1.83413 
54560 | 1.83286 
54597 | 1.83159 
54635 | 1.83033 
-54073 | 1.82906 
54711 | 1.82780 
-54748 | 1.82654 
+547) 1.82528 
54824 | 1.82402 
«54862 | 1.82276 
54900 | 1.82150 
54938 | 1.82025 
54975 | 1-81800 
55013 | 1.81774 
55051 | 1.81640 
«55089 | 1.81524 
-55127 | 1.81300 
+55165 | 1.81274 
55203 | 1.81150 
-55241 | 1.81025 
-55279 | 1.80901 
-55317 | 1.80777 
+55355 | 1.80653 
+55303 | 1.80520 
-55431 | 1.80405 
Co-ran.' Tan. 


30° 

Co-TAN, 
1.80405 | 1.73205 
1.80281 1.73089 
1.80158 1.72073 
1.80034 1.72857 
I.7OOIL 1.72741 
1.79788 1.72625 
1.79065 1.72509 
1.79542 1.72303 
1.70419 1.72278 
1.79200 1.72163 
1.79174 1.72047 
I.7QO51 1.71932 
1.78020 1.71817 
1.78807 1.71702 
1.78685 1.71588 
1.78563 1.71473 
1.78441 1.71358 
1.78319 1.71244 
1.78198 1.71129 
1.78077 1.71015 
1.77955 1.7O9OT 
1.77834 1.70787 
1.77713 1.70673 
1.77592 1.70560 
1.77471 1.70446 
1.77351 1.70332 
1.77230 1.70219 
1.77110 1.70106 
1.76990 1.69992 
1.76869 1.69870 
1.76749 1.69766 
1.76630 1.69653 
1.70510 1.60541 
1.76390 1.69428 
1.76271 1.69316 
1.76151 1.69203 
1°76032 1.69091 
1.75913 1.68979 
1.75704 1.68866 
1.75075 1.68754 
1.75550 1.68643 
1.75437 1.68531 
1.75319 1.68419 
1.75200 1.68308 
1.75082 1.68196 
1.74904 1.68085 
1.74846 1.67074 
1.74728 1.67863 
1.74610 1.67752 
1.74402 1.67641 
1.74375 1.67530 
1.74257 1.67419 
1.74140 1.67300 
1.74022 1.67108 
1.73005 1.67088 
1.73788 1.66978 
1.73671 1.66867 
1.73555 1.66757 
1.73438 1.66647 


1.73321 


1.73205 || .60086 


606 
Tan. |\Co-TaNn. 
60° 5 


1.66538 
1.66428 


ge 


AND CO-TANGENTS 


31° 
Tan. | Co-TAn. 
60086 | 1.66428 
60126 | 1.66318 
.60165 | 1.66209 
.60205 | 1.66000 
-60245 | 1.65990 
60284 | 1.65881 
60324 | 1.65772 
60364 | 1.65663 
60403 | 1.05534 
60443 | 1.05445 
60483 | 1.65337 
.60522 | 1.65228 
.60562 | 1.65120 
.60602 | 1.65011 
.60642 | 1.64903 
.60681 | 1.64705 
.60721 | 1.64687 
60761 | 1.64570 
.60801 | 1.64471 
60841 | 1.64363 
.60881 | 1.64256 
60921 | 1.64148 
60960 | 1.64041 
.61000 | 1.63034 
61040 | 1.63826 
61080 | 1.637190 
61120 | 1.63612 
61160 | 1.63505 
61200 | 1.63308 
61240 | 1.63202 
61280 | 1.63185 
61320 | 1.63070 
61360 | 1.62972 
61400 | 1.62866 
61440 | 1.62760 
61480 | 1.62654 
61520 | 1.62548 
61561 | 1.62442 
61601 | 1.62336 
61641 | 1.62230 
61681 | 1.62125 
61721 | 1.62019 
61761 | 1.61914 
61801 | 1.61808 
61842 | 1.61703 
61882 | 1.61508 
61922 | 1.61403 
61962 | 1.61388 
.62003 | 1.61283 
.62043 | 1.61170 
.62083 | 1.61074 
62124 | 1.60970 
62164 | 1.60865 
62204 | 1.60761 
62245 | 1.60657 
.62285 | 1.60553 
62325 | 1.60440 
62366 | 1.60345 
62406 | 1.60241 
62446 | 1.60137 
62487 | 1.60033 
TAN.!| TAN. 
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32° 33° 34° 35° 

? | Tan. | Co-ran.|| Tan. | Co-rTan. || Tan. | Co-ran. || TAN. | Co-Tan. | ” 
o | .62487 | 1.60033 || 64941 | 1.53086 || .67451 | 1.48256 || -70021 | 1.42815 | 6o 
1 | .62527 | 1.59930 || 64982 | 1-53888 || 67493 | 1.48163 || .70064 | 1.42726 | 50 
2} .62568 | 1.59826 || .65023 | 1.53791 || -67536 | 1.48070 || .70107 | 1.42638 | 58 
3 | 62608 | 1.59722 || 65065 | 1.53693 || 67578 | 1.47977 || -70151 | 1.42550 | 57 
4 | 62649 | 1.59620 || .65106 | 1.53505 || 67620 | 1.47885 || -70194 | 1.42462 | 56 
5 | .62689 | 1.59517 || -65148 | 1-53497 || .67663 | 1.47792 || -70238 | 1.42374 | 55 
6 | 62730 | 1.59414 || -65189 | 1.53400 || .67705 | 1.47609 || -70281 | 1.42286 | 54 
7 | 62770 | 1.59311 || .65231 | 1-53302 || 67748 | 1.47607 || .70325 | 1-42198 | 53 
8 | 62811 | 1.59208 || °65272 | 1.53205 || 67700 | 1.47514 || -70368 | 1.42110 | 52 
9 | .62852 | x.591085 || 65314 | 1-53107 || 67832 | 1.47422 || -70412 | 1.42022 | 51 
10 | .62892 | 1.59002 || .65355 | 1-53010 || .67875 | 1.47330 || -70455 | 1-41034 | 50 
11 | .62933 | 1.58000 || .65307 | 1.52013 || -67917 | 1.47238 || -70499 | 1.41847 | 40 
12 | .62973 | 1.58707 || .65438 | 1-52816 || .67060 | 1.47146 || -70542 | 1.41759 | 48 
13 | .63014 | 1.58695 || 65480 | 1.52719 || -68002 | 1.47053 || -70586 | 1.41672 | 47 
14 | .63055 | 1.58593 || -O5521 | 1-52622 || .68045 | 1.46962 || .70629 | 1.41584 | 46 
15 | .63005 | 1.58490 || .65563 | 1-52525 || .68088 | 1.46870 || .70673 | 1.41407 | 45 
16 | .63136 | 1.58388 || .65604 | 1.52429 || .68130 | 1.46778 || .70717 | 1.41409 | 44 
17 | .63177 | 1.58286 || .65646 | 1.52332 || 68173 | 1.46686 || .70760 | 1.41322 | 43 
18 | .63217 | 1.58184 || .65688 | 1.52235 || 68215 | 1.46595 || -70804 | 1.41235 | 42 
19 | .63258 | 1.58083 || .65729 | 1-52139 || .68258 | 1.46503 || -70848 | 1.41148 | 41 
20 | .63299 | 1.57981 || .65771 | 1-52043 || .68301 | 1.46411 || .70891 | 1.41061 | 40 
21 | .63340 | 1.57870 || .65813 | 1.51046 || .68343 | 1.46320 || «70035 | 1.40074 | 30 
22 | .63380 | 1.57778 || .65854 | 1.51850 || .68386 | 1.46229 || «70979 | 1.40887 | 38 
23 | .63421 | 1.57676 || .65896 | 1.51754 || 68420 } 1.46137 || «71023 | 1.40800 | 37 
24 | 63462 | 1.57575 || 65038 | 1-51658 || .68471 | 1.46046 || .71066 | 1.40714 | 36 
25 | .63503 | 1-57474 || 65980 | 1-51562 || .68514 | 1.45055 || -71110 | 1.40627 | 35 
26 | .63544 | 1.57372 || 66021 | 1.51466 || .68557 | 1.45864 || -71154 | 1-40540 | 34 
27 | .63584 | 1.57271 || .66063 | 1-51370 || .68600 | 1.45773 || -71198 | 1.40454 | 33 
28 | .63625 | 1.57170 || 66105 | 1.51275 || .68642 | 1.45082 || .71242 | 1.40367 | 32 
29 | .63666 | 1.57069 || .66147 | 1.51179 || 68685 | 1.45502 || -71285 | 1-40281 | 3 
30 | .63707 | 1.56960 || .66189 | 1.51084 || .68728 | 1.45501 || -71320 | 1-40105 | 30 
31 | .63748 | 1.56868 || .66230 | 1.50088 || .68771 | 1.454T0 || -71373 | I-40109 | 20 
32 | 63789 | 1.56767 || .66272 | 1.50803 || .68814 | 1.45320 || .71417 | 1.40022 | 28 
33 | .63830 | 1.56667 || .66314 | 1.50707 || .68857 | 1.45220 || -71461 | 1.30936 | 27 
34 | .63871 | 1.56566 || .66356 | 1.50702 || .68900 | 1.45130 || «71505 | 1.30850 | 26 
35 | 63012 | 1.56466 || .66398 | 1-50607 || .68942 | 1.45049 || -71549 | 1-30764 | 25 
36 | .63053 | 1.56366 || .66440 | 1.50512 || .68085 | 1.44058 || -71503 | 1-30079 | 24 
37 | 63004 | 1-56265 || .66482 | 1.50417 || .69028 | 1.44868 || .71637 | 1-390503 | 23 
38 | .64035 | 1.56165 || .66524 | 1.50322 || 69071 | 1.44778 || .71681 | 1.39507 | 22 
30 | .64076 | 1.56065 || .66566 | 1.50228 || .69114 | 1.44688 || .71725 | 1.30421 | 21 
40 | 64117 | 1.55966 || .66608 | 1.50133 || 69157 | 1.44598 || -71769 | 1.39336 | 20 
41 | .64158 | 1.55866 || .66650 | 1.50038 || .69200 | 1.44508 || .71813 | 1.30250 | 19 
42 | 641909 | 1.55766 || *66692 | 1.49944 || -69243 | 1.44418 || -71857 | 1-39105 | 18 
43 | .64240 | 1.55666 || .66734 | 1.40840 || .69286 | 1.44329 || -71901 | 1.30079 | 17 
44 | 64281 | 1.55567 || 66776 | 1.40755 || .60320 | 1.44230 || -71946 | 1.38004 | 16 
45 | .64322 | 1.55467 || 66818 | 1.4966r || .69372 | 1.44140 || .71900 | 1.38900 | 15 
46 | 64363 | 1.55368 || .66860 | 1.49566 || .69416 | 1.44060 || .72034 | 1.38824 | 14 
47 | .64404 | 1-55269 || .66902 | 1.40472 || 69450 | 1.43970 || -72078 | 1.38738 | 13 
48 | .64446 | 1.55170 || 66944 | 1.49378 || .69502 | 1.43881 || .72122 | 1.38653 | 12 
40 | -64487 | 1.55071 || .66086 | 1.49284 || 60545 | 1-43702 || -72166 | 1.38568 | IL 
50 | .64528 | 1.54972 || 67028 | 1.49190 || 69588 | 1.43703 || -72211 | 1.38484 | 10 
51 | 64569 | 1.54873 || 67071 | 1.49007 || .6063t | 1.43674 || .72255 | 1.38309 | 9 
52 | 64610 | 1.54774 || .67113 | 1.40003 || .60675 | 1.43525 || -72209 | 1°-38314 8 
53 | -64652 | 1.54675 || .67155 | 1.48909 || .60718 | 1-43436 || -72344 | 1.38220 | 7 
54 | 64603 | 1.54576 || .67107 | 1.48816 || .69761 | 1.43347 || -72388 | 1.38145 6 
55 | -64734 | 1.54478 || .67230 | 1.48722 || .69804 | 1.43258 || .72432 1.38060 5 
56 | .64775 | 1.54379 || 67282 | 1.48620 || 60847 | 1.43169 || -72477 | 1.37976 | 4 
57 | 64817 | 1.54281 || .67324 | 1.48536 || 69801 | 1.43080 || .72521 1.37801 3 
58 | .64858 | 1.54183 || .67366 | 1.48442 || .60034 | 1.42002 || -72565 | 1.37807 |. 2 
59 | -64809 | 1.54085 || .67400 | 1.48349 || 60077 | 1-42003 || -72610 | 1.37722 | I 
60 | .64041 | 1.53086 || .67451 | 1.48256 || .70021 | 1.42815 || .72054 | 1-37638 | © 

* \Co-ran.| Tan. ||Co-ran.! Tan. |[Co-ran.! Tan. |[Co-ran.| Tan. | ’ 

57° 56° 55° 54° 


538 NATURAL TANGENTS AND CO-TANGENTS 


36° 37° 38° 

* | Tan. | Co-ran. || Tan. | Co-ran.|| Tan. | Co-Tan. 
o | .72654 | 1.37638 || .75355 | 1-32704 || -78120 | 1.27994 
1 | .72699 | 1.37554 || «75401 | 1.32624 || .78175 | 1.27917 
2 | -72743 | 1.37470 || .75447 | 1.32544 || -78222 | 1.27841 
3 | -72788 | 1.37386 || .75402 | 1.32464 || .78269 | 1.27764 
4 | -72832 | 1.37302 || .75538 | 1.32384 || .78316 | 1.27688 
5 | -72877 | 1.37218 || .75584 | 1-32304 || .78363 | 1.27611 
6 | .72921 | 1.37134 || .75629 | 1-32224 || .78410 | 1.27535 
7 | -72906 | 1.37050 || «75675 | 1.32144 || -78457 | 1.27458 
8 | .73010 | 1.36067 || .75721 | 1.32064 || .78504 | 1.27382 
9 | -73055 | 1.36883 || .75767 | 1.31084 || .785sr | 1.27306 
ro | -73100 | 1.36800 || .75812 | 1.31904 || .78508 | 1.27230 
II | .73%44 | 1.36716 || .75858 | 1.31825 |) .78645 | 1.27153 
12 | .73189 | 1-36633 || .75004 | 1.31745 || .-78692 | 1.27077 
13 | 73234 | 1-30549 || «75050 | 1.31660 || .78730 | 1.27001 
14 | -73278 | 1.36466 || .75906 | 1.31586 || .78786 | 1.26025 
15 | 73323 | 1-36383 |] 76042 | 1.31507 || .78834 | 1.26849 
16 | .73368 | 1.36300 || .76088 | 1.31427 || .78881 | 1.260774 
17 | -73413 | 1.36217 || .76134 | 1.31348 || .78928 | 1.26698 
18 | .73457 | 1-36133 || .76180 | 1.31269 || .78075 | 1.26622 
19 | -73502 | 1.36051 || .76226 | 1.31190 || .79022 | 1.26546 
20 | .73547 | 1-35968 || .76272 | 1.31110 || .79070 | 1.26471 
2z | .73502 | 1.35885 || .76318 | 1.31031 || .7or17 | 1.26305 
22 | .73637 | 1.35802 || .76364 | 1.30952 || .79164 | 1.26319 
23 | -73681 | 1.35710 || .76410 | 1.30873 || .79212 | 1.26244 
24 | .73726 | 1.35637 || .76456 | 1.30795 || :7o259 | 1.26160 
25 | 73771 | 1-35554 || 76502 | 1.30716 || .79306 | 1.26003 
26 | .73816 | 1.35472 | .76548 | 1.30637 || .70354 | 1.26018 
27 | -73861 | 1.35380 || .76504 | 1.30558 || .7o401 | 1.25043 
28 | .73006 | 1.35307 || .76640 | 1.30480 || .70440 | 1.25867 
29 | -73051 | 1.35224 '| .76686 | 1.30401 || .79406 | 1.25702 
30 | .73006 | 1.35142 || .76733 | 1-30323 |] -79544 | 1.25717 
31 | -74041 | 1.35060 || .76779 | 1.30244 || -7oS01 | 1.25642 
32 | .74086 | 1.34078 || .76825 | 1.30166 || .70630 | 1.25567 
33 | -74131 | 1.34806 || .76871 | 1.30087 || .79686 | 1.25492 
34 | -74176 | 1.34814 |] .76918 | 1.300009 |} «70734 | 1-25417 
35 | -74221 | 1.34732 || .76064 | 1.29031 |] -70781 | 1.25343 
36 | .74267 | 1.34650 || .77010 | 1.290853 || .79820 | 1.25268 
37 | 74312 | 1.34568 || *77057 | 1.20775 || 70877 | 1-25103 
38 | .74357 | 1-34487 || .77103 | 1.29606 || -79024 | 1.25118 
30 | -74402 | 1.34405 || .77149 | 1.20618 || .79072 | 1.25044 
40 | -74447 | 1.34323 || .77106 | 1.29541 || 80020 | 1.24960 
41 | .74402 | 1.34242 || .77242 | 1.20463 || .80067 | 1.24805 
42 | .74538 | 1.34160 || .77289 | 1.29385 || Sor1s | 1.24820 
43 | -74583 | 1.34070 || .77335 | 1.20307 || 80163 | 1.24746 
44 | .74628 | 1.33008 || .77382 | 1.20229 || So2rr | 1.24672 
45 | -74674 | 1.33016 || .77428 | 1.09152 || 80258 | 1.24507 
46 | .74710 | 1.33835 || .77475 | 1.20074 1.24523 
47 | -74764 | 1.33754 || -77521 | 1.28007 1.24440 
48 | .74810 | 1.33673 || .77568 | 1.28010 1.24375 
49 | .74855 | 1.33502 || .77015 | 1.28842 1.24301 
50 | .74900 | 1.33511 || .77661 | 1.28764 1.24227 
51 | -74046 | 1.33430 || .77708 | 1.28687 1.24153 
52 | .74901 | 1.33340 || .77754 | 1.28610 1.24079 
- 53 | -75037 | 1.33268 || .77801 | 1.28533 1.24005 
54 | -75082 | 1.33187 || .77848 | 1.28456 1.23031 
55 | -75128 | 1.33107 || .77805 | 1.28370 1.23858 
56 | .75173 | 1.33026 || .77041 | 1.28302 1.23784 
57 | -75219 | 1.32046 || .77988 | 1.28225 1.23710 
58 | -75264 | 1.32865 || .78035 | 1.28148 1.23037 
59 | -7531O | 1.32785 || .78082 | 1.28071 1.23803 
60 | .75355 | 1.32704 || .78129 | 1.27004 1.23490 

’ 1Co-ran.! Tan. -TAN.!| TAN. .| TAN, 

53° fF 51° 


83712 | 1.70457 
83761 | 1.10387 
83811 | 1.19376 
83860 | 1.10246 + 
83010 | 1.10175 


Co-ran.) Tan 


50° 


It 


> $a cabs oe 3 


NATURAL TANGENTS AND CO-TANGENTS 539 


40° 41° 42° 43° 

* | Tan. | Co-ran.|| Tan. | Co-ran.|| Tan. | Co-ran.]| Tan. | Co-ran. | ’ 
o | 83910 | 1.19175 |} 86020 | 1.15037 || .90040 | 1.1106r || .93252 | 1.07237 | 60 
x | 83960 | 1.19105 || .86980 | 1.14969 || .go093 | 1.10996 || .03306 | 1.07174 | so 
2 | 84009 | 1.19035 || 87031 | 1-14902 || .90146 | 1.10931 -93360 | 1.07112 | 58 
3 | 84050 | 1.18964 87082 | 1.14834 || .0oTO9 | 1.10867 || .03415 | 1.07049 | 57 
4 | 84108 | 1.18894 || 87133 1.14767 || .go251 | 1.10802 || .93469 | 1.06987 | 56 
5 | 84158 | 1.18824 || .87184 | 1.14690 || .90304 | 1.10737 || 03524 1.06925 | 55 
6 | 84208 | 1.18754 || -87236 | 1.14632 || .00357 | 1.10672 || .03578 | 1.06862 | 54 
7 | 84258 | 1.18684 87287 | 1.14565 || .0410 | 1.10607 || .93633 | 1.06800 | 53 
8 | 84307 | 1.18614 || 87338 1.14408 || .go463 | 1.10543 || -03688 | 1.06738 | 52 
9 | 84357 | 1-18544 || 87380 | 1.14430 || .00516 | 1.10478 || .03742 | 1.06676 | 5x 
ro | 84407 | 1.18474 || 87441 | 114363 || .90569 | 1.10414 || .03797 | 1.06613 | 50 
ax | 84457 | 1.18404 || 87492 | 1.14206 || .go62r | 1.10340 -93852 | 1.06551 | 40 
z2 | 84507 | 1.18334 || 87543 | 1.14220 || -90674 1.10285 || .93006 | 1.06489 | 48 
13 | 84556 | 1.18264 || 87505 | 1.14162 || .90727 | 1.10220 -93061 | 1.06427 | 47 
14 | 84606 | 1.18194 87646 | 1.14005 || .9078r | 1.10156 || .94016 | 1.06365 | 46 
15 | 84656 | 1.18125 |] 87698 | 1.14028 .90834 | I.10091 || .94071 | 1.06303 | 45 
16 | .84706 | 1.18055 || .87749 | 1-13961 || .90887 | 1.10027 || .o4125 | 1.06241 | 44 
17 | 84756 | 1.17986 || 87801 | 1.13804 || .00940 | 1.00063 94180 | 1.06170 | 43 
48 | .84806 | 1.17916 || 87852 | 1.13828 || .g0903 | 1.00809 || .04235 | 1.06117 | 42 
19 | 84856 | 1.47846 || 87004 | 1.1376t || .o1046 | 1.09834 || 04200 | 1.06056 | 4t 
20 | 84906 | 1.17777 || 87055 | 1-13604 || 91099 | 1.09770 || .04345 | 1.05904 | 40 
ar | 84056 | 1717708 || 88007 | 1.13627 || .o1153 1.09706 || .904400 | 1.05932 | 30 
22 | 85006 | 1.17638 || 88059 | 1.13561 || 01206 | I .09942 || 04455 | 1.05870 | 38 
23 | 85057 | 1.17560 88rTO | 1.13404 |} 91250 | 1.09578 ||'-.04510 | 1.058009 | 37 
24 | .85107 | 1.17500 || 88162 1.13428 || .91313 | 1.09514 || -.04565 | 1.05747 | 36 
25 | 85157 | 1.17430 88214 | 1.13361 || .91366 | 1.00450 || 04620 | 1.05685 | 35 
26 | .85207 | 1.17361 || 88265 | 1.13295 || -o1410 1.09386 || .94676 | 1.05624 | 34 
27 | 85257 | 1.17202 || 88317 1.13228 |} .91473 | 1-00322 || -04731 | 1.05562 | 33 
28 | .85307 | 1.17223 || 88369 | 1.13162 || .91526 | 1.09258 || .94786 | r.05sox | 32 
29 | .85358 | 1.17154 || 88421 | 1.13096 || .o1580 | 1.09195 94841 | 1.05439 | 31 
30 | 85408 | 1.17085 88473 | 1-13029 || .01633 | 1.09131 || .04806 | 1.05378 | 30 
85458 | 1.17016 || 88524 | 1.12963 || -91687 1.09067 || 04952 | 1.05317 | 20 
32 | -85509 | 1.16947 || 88576 1.12897 || .9r740 | 1.09003 || .95007 | 1.05255 | 28 
33 | -85559 | 1-16878 || 88628 | 1.1283r || .or704 | 1.08040 95062 | 1.05104 | 27 
34 | 85609 | 1.16809 || 88680 1.12765 || .91847 | 1-08876 |} .o5118 | 1.05133 | 26 
35 | 85660 | 1.16741 || .88732 | 1-12609 || .orooT 1.08813 || -95173 | 1.05072 | 25 
36 | 85710 | 1.16672 || 88784 | 1.12633 || -o1055 1.08749 || -05220 | I.o5010 | 24 
8576r | 1.16603 || 88836 | 1.12567 || .92008 | 1.08686 || .95284 | 1.04040 | 23 
38 | .858rr | 1.16535 || 88888 | 1.12501 || .2062 1.08622 || .95340 | 1.04888 | 22 
30 | 85862 | 1.16466 || 88040 | 1.12435 || .02116 | 1.08559 || -05305 1.04827 | 21 
4o | 850912 | 1.16308 || 88902 1.12360 || .o2170 | 1.08496 || .95451 | 1.04766 | 20 
4i | 85063 | 1.16329 || 80045 | 1.12303 || .02224 | 1.08432 || -05506 | 1.04705 | 19 
42 | 86014 | 1.16261 || 80097 | 1.12238 || .92277 | 1.08360 || .05562 | 1.04644 18 
43 | 86064 | 1.16192 || 89149 | 1.12172 || .92331 1.08306 || -95618 | 1.04583 | 17 
86x15 | 1.16124 || 89201 | 1.12106 || .92385 | 1.08243 || 05673 | 1.04522 16 
45 | 86166 | 1.16056 || .89253 | 1.12041 || .92430 1.08179 || .95729 | 1.04461 | 15 
46 | 86216 | 1-15987 || 89306 | 1.11975 || -.92403 | 1.08116 || .95785 | 1.04401 | 14 
47 | 86267 | 1.15010 || 80358 | 1.110009 || .02547 | 1.08053 || 05841 | 1.04340 | 13 
48 | 86318 | 1-1585t || 80410 | 1.11844 || .o2601 | 1.07900 -95897 | 1.04279 | 12 
49 | 86368 | 1.15783 || 80463 | 1.11778 || .92655 | 1.07027 || -95052 1.04218 | I1 
50 | .86419 | 1.15715 || 89515 | 1.11713 || .02709 | 1.07864 || .o6008 1.04158 | 10 
51 | .86470 | 1.15647 || 89567 | 1.11648 || .92763 | 1.07801 .06064 | 1.04007 9 
52 | .8652r | 1.15579 || -80620 | 1.11582 ||’.92817 1.07738 || .96120 | 1.04036 8 
53 | 86572 | xr.15511 || 89672 | 1-11517 || .92872 | 1.07676 || .06176 1.02976 7 
54 | .86623 | 1.15443 || -80725 | 1-11452 || .02926 1.07613 || .06232 | 1.03915 6 
55 | 86674 | 1.15375 || -80777 | 1-11387 || .92080 | 1.07550 .96288 | 1.03855 5 
56 | 86725 | 1.15308 || 80830 | 1.11321 || .93034 | 1.07487 || .06344 | 1.03704 | 4 
57 | 86776 | 1.15240 || 89883 | 1.11256 || .93088 | 1.07425 || .96400 | 1.03734 | 3 
58 | 86827 | 1.15172 || 80035 | 1-11101 || .03143 | 1.07362 || .06457 1.03674 | 2 
59 | .86878 | 1.15104 || 80088 | 1.11126 || .03107 | 1-07200 || .06513 1.03613 I 
60 | .86929 } 1.15037 || .90040 | 1.11061 || .93252 | 1.07237 .906569 | 1.03553 Q 

= a 
* \Co-ran.| Tan. |\Co-ran.! Tan. ||Co-ran.| Tan. |]Co-ran.| Tan. | / 
49° 48° 47° 46° 


540 NATURAL TANGENTS AND CO-TANGENTS 
44° 44° 44° 

’ | Tan. | Co-Tan. Co-ran.| ’ || ’ | Tan. | Co-ran. | ’ 

© | .96569 | 1.03553 1.02295 | 39 || 41 .98901 | 1.01112 | 10 

1 | .96625 | 1.03403 1.02236 | 38 || 42 | .98058 | 1.01053 | 18 

2 | .96681 | 1.03433 97870 | 1.02176 | 37|| 43 | -99016 | 1.00904 | 17 

3 | 96738 | 1.03372 1.02117 | 36 || 44 | .99073 | 1.00935 | 16 

4 | .06704 | 1.03312 1.02057 | 35 || 45 | -99131 | 1.00876 | 15 

5 | -.06850 | 1.03252 1.01998 | 34 || 46 | .90189 | 1.00818 | 14 

6 | .96907 | 1.03102 1.01039 | 33 || 47 | -90247 | 1.00750 | 13 

7 | 96063 | 1.03132 1.01879 | 32 || 48 -99304 | 1.00701 | 12 

8 | .97020 | 1.03072 1.01820 | 31 || 49 | .00362 | 1.00642 | 11 

9 | .97076 | 1.03012 1.01761 | 30|| 50 | .90420 | 1.00583 | 10 
10 |, 07933) 2-02052 ; 1.01702 | 29 || 51 | .90478 | 1.00525 | 9 
11 | .97189 | 1.02892 z 1.01642 | 28 || 52 .99536 | 1.00467 | 8 
12 | .97246 | 1.02832 .08. 1.01583 | 27|| 53] -99504 | 1.00408 |] 7 
13 | -97302 | 1.02772 2 1.01524 | 26]] 54] .99652 | 1.00350] 6 
14 | 97359 | 1.02713 2085 1.01465 | 25 || 55] .00710 | 1.00291 | 5 
15 | -97410 | 1.02653 . 1.01406 | 24|| 56] .99768 | 1.00233 | 4 
16 | .97472 | 1.02593 : 1.01347 | 23 || 57 -99826 | 1.00175 | 3 
17 | .97529 | 1.02533 “ 1.01288 | 22 || 58 99884 | 1.00116 2 
18 | .97586 | 1.02474 -98786 | 1.01229 | 21 || 50] -99942 | 1.00058 I 
19 | .07643 | 1.02414 -98843 | 1.01170 | 20|| 60] 1 I ° 
20 | .97700 | 1.02355 

‘ 1Co-tan.'! Tan. Co-Tan.! Tan. ’ || % | Co-ran.' Tan. 

45° 45° 45° 
NATURAL SINES AND COSINES 
0° oe 0° 

*’ | Sine | Cosine | ’ |} ’ SinE | Cosine] ’ || ’ | Sine | Cosine] ’ 

© | .c0000 | I 60 || 21 | .co611 | .999908 | 30 || 41 | -01103 | .09003 | 10 

I | .c0029 | 1 59 || 22 | .00640 | .99908 | 38 || 42 | .01222 | .990903 | 18 

2 | .coos8 | 1 58 || 23 | .00669 | .99908 | 37 || 43 | .01251 | .099002 | 17 

3 | .00087 | 1 57 || 24 | .00698 | .99008 | 36 || 44 | -01280 | .99902 | 16 

4 | .co116 | x 56 || 25 | 00727 | .90907 | 35 || 45 | -01300 | .oog91 | 15 

§ | 00145 | I 55 || 26 | .00756 | .99907 | 34 || 46 | .01338 | oppor | 14 

6 | 00175 | r 54 || 27 | .00785 | .99007 | 33 || 47 | -01367 | -oo00r | 13 

7 | 00204 | 1 53 || 28 | 00814 | .99997 | 32 || 48 | .01306 | .o9990 | 12 

8 | .00233 | 1 52 || 20 | .00844 | .99996 | 31 || 49 | .01425 | .99090 | Ir 

9 | 00262 | 1 51 || 30 | .00873 | .909096 | 30 || 50 | .01454 | .990089 | 10 
oy lorie tle 5° || 31 | .c0902 | .99096 | 20 || 51 | .o1483 | .99080 | 9 | 
Ir | .00320 -09099 | 49 || 32 | .00031 | .99906 | 28 || 52 | .01513 | .o9080 8. 
12 | .00349 | -90909 | 48 || 33 | .00060 | -o0005 | 27 || 53 | 01542 | .09088 | 7 
13 | .00378 | .90900 | 47 || 34 | .00980 | -o0005 | 26 || 54 | .o1s71 | .00088 | 6— 
14 | .00407 | .999090 | 46 || 35 | .o1018 | 900905 | 25 || 55 | .01600 | .o0087 | 5 
15 | .00436 | .90909 | 45 || 36 | .01047 | .09005 | 24 || 56 | .01629 | .00087 | 4 
36 | 00405 | .00900 | 44 || 37 | .01076 | 00004 | 23 || 57 | .01658 | .00086 | 3 
17 | 00495 | 99900 | 43 || 38 | -oT105 | .99004 | 22 || 58 | .01687 | .99086 |. 2 
48 | .00524 | -990900 | 42 || 39 | .o1134 | .00004 | 21 || 59 | .01716 | .op085 | 
19 | .00553 | 99908 | 41 || 40 | .01164 | .990903 | 20 || 60 | .o1745 | .99085 | © 
20 | .cos82 -99008 | 40 > 

* | Cosine! SINE ’ || * | Cosme! Sine 


NATURAL SINES AND COSINES 541 
lc 72 sy 4° 

* | Stne | Cosme]! Sine | Cosine]; Sine | Cosine ||} Sine | Cosine | ’ 
© | .01745 | -99085 || .03490 | -90039 || .05234 | -09863 || .06076 | .00756 | 60 
I | .01774 | -00984 || .03519 | .90038 || .05263 | .99861 || .o7005 | .00754 | so 
2 | 01803 | .99084 || .03548 | 90037 || .05292 | .99860 || .07034 | .00752 | 58 
3 | .01832 | .09083 || .03577 | -90936 |} .05321 | .99858 || .07063 | .00750 | 57 
4 | .01862 | .99983 || .03606 | .90035 || .05350 | -90857 || .o7002 | .00748 | 56 
5 | 01891 | .99082 || .03635 | .90034 || 05379 | .90855 || 07121 | .00746 | 55 
6 | .01920 | .99982 |} .03664 | -09933 || .05408 | .99854 || 07150 | .o9744 | 54 
7 | 01949 | .9998r |} .03693 | .99932 || .05437 | .90852 || .07170 | .00742 | 53 
8 | .01978 | .90080 |} .03723 | .09031 |} .05466 | .99851 |} .07208 | .o9740 | 52 
9 | .02007 | .99080 |} .03752 | .90930 || 05405 | -99840 || .07237 | 00738 | 51 
Io | .02036 | .99079 || .03781 | .o9029 || .05524 | -99847 || .07266 | .09736 | 50 
Ir | .02065 | .99979 || .03810 | .99927 || .05553 | .99846 || 07205 | .90734 | 4o 
12 | .02094 | .99978 || .03839 | .90026 || .05582 | .90844 || .07324 | -o9731 | 48 
13 | .02123 | .99077 || .03868 | .99025 || .os611 | .99842 || .07353 | -00720 | 47 
14 | .02152 | .90077 || .03807 | .00924 || .05640 | .o9841 || .07382 | .00727 | 46 
15 | 02181 | .99976 || .03926 | -90923 || .05660 | .90830 || .07411 | .00725 | 45 
16 | .o2211 | .99976 || .03055 | .90022 || .05608 | -00838 || .07440 | .09723 | 44 
17 | .02240 | .99075 |} .03034 | .9902r || .05727 | -00836 || .07469 | .o9721 | 43 
18 | .02269 | .90074 |} .04013 | .90919 || .05756 | -90834 || .07408 | -00710 | 42 
19 | .02298 | .99974 |) .o4og2 | .o0018 || .05785 | .90833 || .07527 | .00716 | 4x 
20 | .02327 | .09973 || .04071 | .99017 || .05814 | .9083r |] .07556 | .90714 | 4o 
2I | .02356 | .99072 || .04100 | .o9016 || .05844 | .99820 || .07585 | .oo712 39 
22 | .02385 | .99072 || .04129 | .ogo15 || .05873 | .90827 || .07614 | .o9710 | 38 
23 | 02414 | .99071 || .04150 | .09013 || 05902 | .99826 || .07643 | -99708 | 37 
24 | .02443 | -00970 || .04188 | .og912 || .05931 | .90824 || .07672 | .99705 | 36 
25 | .02472 -999690 || .04217 | .ogo1T -05960 -99822 || .07701 -09703 | 35 
26 | .02501 | .99969 |} .04246 | .o9910 |} .os980 | .99821 || .07730 | .og7or | 34 
27 | .02530 | .09968 || .04275 | -99909 || .06018 | .o0819 || .07750 | -90609 | 33 
28 | .02560 | .99967 || .04304 | .99907 || .06047 | .90817 || .07788 | .99606 32 
29 | .02580 | .99966 || .04333 | .90906 || .06076 | .oo8rs |] .07817 | .o0604 | 3r 
30 | .02618 | .99966 || .04362 | .990905 |} .o6105 | .99813 || .07846 | .99602 | 30 
31 | 02647 | .90965 || .04301 | .99004 || .06134 | -99812 || .07875 | .90680 | 20 
32 | .02676 | .99064 || .04420 | .99902 || .06163 | .99810 || .07904 | .99687 | 28 
33 | 202705 | .09063 || .04440 | .99901 || .06192 | .99808 || .07933 | .00685 | 27 
34 | -©2734 | .90063 || .04478 | .99900 || .06221 | .99806 |} .07962 | .00683 | 26 
35 | -©2763 | .90962 || .04507 | .09808 || .06250 | .99804 || .o7901 | .99680 | 25 
36 | .02792 | .9996r || .04536 | .99807 || .06279 | .99803 || .o8020 | .90678 | 24 
37 | 02821 | .99960 || .04565 | .99806 || .06308 | .o980r || .o8049 | 99676 | 23 
38 | .02850 | .99950 || .o4504 | .90804 || .06337 | .00709 || .08078 | .09673 | 22 
39 | -02870 | .90959 || .04623 | .99893 || .06366 | .09707 || .o8107 | .99671 | 2r 
4o } .02908 | .99958 || .04653 | .99892 || .06305 | 99795 || .08136 | .99668 | 20 
41 | .02038 | .99957 || .04682 | .90800 |} .06424 | .99703 || .08165 | .99666 | 10 
42 | .02067 | .99956 || .04711 | .09889 || .06453 | .00702 || .o8194 | .99664 | 18 
43 | .02996 | 009055 || .04740 | .99888 || .06482 | .99700 || .08223 | .09661 | 17 
44 | .03025 | .00054 || .047690 | .90886 || .o6511 | .99788 || .o8252 | .o9650 | 16 
45 | -03054 | .90053 || 04708 | .90885 || .06540 | .99786 || .o8281 | .00657 | 15 
46 | .03083 | .00952 || .04827 | .99883 || .06560 | .99784 || .o8310 | .99654 | 14 
47 | -03112 | .90952 || .04856 | .99882 || .06598 | .09782 || .08330 | -oo6s52 | 13 
48 | .03141 | -90951 || .04885 | .99881 || .06627 | .99780 || .08368 | .90649 | 12 
49 | .03179 | .99950 || .04914 | .908790 || .06656 | .99778 || .08307 | .00647 | 11 
5° | -03109 | -99949 || .04043 | .99878 || .06685 | .90776 || .08426 | .90644 | 10 
SI | .03228 | .99948 || .04972 | .99876 || .06714 | .09774 || .o8455 | .90642 | 0 
52 | 03257 | .90047 || .oscor | .99875 || .06743 | 09772 || .08484 | .09630 8 
53 | .03286 | .90946 || .os030 | .99873 || .06773 | .99770 || .o8513 | .90637 if 
54 | .03316 | .90045 || .o50590 | .99872 || .06802 | .99768 || .08542 | .99635 6 
55 | -03345 | .09944 || .05088 | .99870 || .06831 | .90766 || .o8571 | 00632 | 5 
56 | .03374 | .90043 || .05117 | .09860 || .06860 | .99764 || .08600 | .99630 4 
57 | -03403 | -99042 || .05146 | .99867 || .06880 | .99762 || .08629 | .99627 3 
58 | .03432 | .90041 || .05175 | .00866 || .06018 | .99760 || .08658 | .99625 2 
59 | 03461 | .99040 || .05205 | .99864 || .06947 | .90758 || .08687 | .90622 I 
60 | .03490 | .99939 || .05234 | .99863 || .06076 | .09756 || .08716 | .99619 | © 

* | Cosine | Sine || Cosine! Sine ||Cosine! Sine || Cosine| Sinz | ’ 

88° 87° ° Oo. 


542 NATURAL SINES AND COSINES 


5° 6° i@ I 8° 
* | Sine | Cosine || Sine | Costne]} Sine | Cosine|| Sine | Cosrve | , 
o | .08716 | .99619 || .10453 | .09452 || .12187 | .00255 || -13017 | .99027 | 60 
1 | .08745 | .99617 |} .10482 | .09440 || -12216 | .99251 || -13946 | .90023 | 50 
2 | 08774 | .90614 || .10511 | .99446 || .12245 | .99248 || -13075 | 09019 | 58 
3 | 08803 | .90612 || .10540 | .90443 |] -12274 | .00244 || -14004 | .99015 | 57 
4 | 08831 | .99609 || .10569 | .99440 || .12302 | .99240 || .14033 | .ogo11 | 56 
5 | .08860 | .99607 |] .10507 | .00437 || -12331 | .99237 || -14061 | .09006 | 55 
6 | .08889 | .99604 || .10626 | .99434 || .12360 | .090233 || -I4090 | .9Q002 | 54 
7 | .08918 | .99602 || .106s5 | .99431 || .12380 | .99230 || -14110 | .98008 | 53 
8 | .08947 | .90500 |} .10684 | .99428 || .12418 | .99226 || .14148 | .08904 | 52 
9 | 08976 | .99506 || .10713 | .00424 || -12447 | .99222 || .14177 | 08090 | 54 
10 | .ogoos | .90504 || .10742 | .99421 || .12476 | .o9210 || .14205 | .98086 | 50 
tr | .09034 | .99501 || .10771 | .99418 || .12504 | .99215 || -14234 | 08082 | 40 
12 | .09063 | .90588 || .10800 | .o9415 |} «12533 | 99211 || -14263 | .o8978 | 48 
13 | .0g092 | .99586 || .10829 | -99412 || .12562 | .99208 || .14202 | .08073 | 47 
14 | .og12r | .99583 || .10858 | .99400 || .12501 -99204 || -14320 | .o8060 | 46 
15 | .09150 | .99580 |} .10887 | .99406 || .12620 | .99200 || .14349 | .08005 | 45 
16 | .00170 | .99578 || .10016 | .99402 || -12640 | .90107 14378 | .o8061 | 44 
17 | .09208 | .99575 || .10045 | .00300 || -12678 | .o9193 || -14407 | .08057 | 43 
18 | .09237 | .09572 || 10073 | -90306 || .12706 | .oo18o || .14436 | .08053 | 42 
19 | .09266 | .99570 || .11002 | .99303 || -12735 | -90186 || .14464 | .o8048 | 41 
20 | .09295 | .99567 || .11031 | .99300 || .12764 | .o9182 || .14403 | 08044 | 40 
21 | .09324 | .99564 || .11060 | .99386 || -12703 | .90178 || .14522 | .98040 | 30 


12822 | .09175 || -14551 .98936 | 38 
.12851 99171 || .14580 | .98031 | 37 
.12880 | .99167 || .14608 | .08027 | 36 
.12908 | .99163 || .14637 | .08023 | 35 
-12037 | .99160 || .14666 | .o8010 | 34 
12966 | .99156 || -14605 | 08014 | 33 
.129905 | .99152 || -14723 | 08010 | 32 
-13024 | .90148 || -14752 | .98006 | 31 
-13053 | .00144 || .14781 | .08902 | 30 
.13081 | .o914t || .14810 | .98807 | 29 
-13110 | .99137 || .14838 | .08803 | 28 
-13139 | .00133 || -14867 | .98889 | 27 
-13168 | .99129 || -14896 | .98884 | 26 
-13197 | .00125 || -14925 | .o8880 | 25 
+13226 | .99122 || -14054 | -98876 | 24 
-13254 | .90118 || .14082 | .o8871 | 23 


22 | .00353 | -09562 || .11089 | .99383 
23 | .00382 | .90559 || .11118 | .99380 
24 | .0041t | .99556 || «11147 | .00377 
25 | 00440 | .00553 || -11176 | .00374 
26 | .09469 | .90551 || .11205 | -99370 
27 | .09408 | .09548 || .11234 | -00367 
28 | .09527 | .00545 || .11263 | .90364 
29 | .09556 | .99542 || .11201 99300 
30 | .09585 | .00540 || «11320 | .00357 


31 | .00614 | .00537 || -11340 | -00354 
32 | .09642 | .090534 || .11378 | -00351 
33 | 00671 | .9953% || .11407 | -00347 
34 | -09700 | .99528 || .11436 | .00344 
35 | 09720 | .99526 || .11465 | .90341 
36 | .09758 | .09523 || «11404 | .99337 
37 | .00787 | .99520 || .11523 | -90334 


38 | .00816 | .99517 || .11552 | .90331 || -13283 -15011 | .08867 | 22 
30 | 090845 | .99514 || .11580 | .99327 || .13312 -1§040 | .08863 | 21 
40 | .09874 | .99511 || .11609 | .99324 || -13341 -15069 | .o8858 | 20 
4I | .09993 | .990508 || .11638 | .90320 || -13370 -15§0907 | .o5854 | 10 
42 | .00932 | .09506 || .11667 | .99317 || .13300 -1§126 | .o8840 | 18 
43 | .09961 | .09503 || .11606 | .90314 || -13427 15155 | 08845 | 17 
44 | .09990 | .99500 || .11725 | .99310 || -13456 15184 | .o8841 | 16 
45 | .10019 | .99497 || -11754 | -09307 || -13485 -1§212 | .98836 | 15 
46 | .10048 | -o0404 || .11783 | .09303 |] -13514 +1524t | 08832 | 14 
47 | -10077 | .99401 || .11812 | .99300 || -13543 .1§270 | .o8827 | 13 
48 | .10106 | .90488 || .11840 | .09207 || -13572 -1§299 | .98823 | 12 
49 | .10135 | .99485 || .11869 | .99293 || -13600 +15327 | 08818 | 13 
50 | .10164 | .00482 || .11898 | .99290 || -13620 «15356 | .98814 | 10 
51 | .10192 | .9094790 || .11927 | .99286 || .13658 -15385 | .o8800 3 
52 | .10221 | .99476 || .11956 | .99283 || -13687 -15414 | .o8805 

53 | -10250 | .99473 || -11085 | .00279 || -13716 -15442 | .98800 4 
54 | .10279 | .99470 || .12014 | .99276 || .13744 -15471 | .98706 | 6 
55 | -10308 | .99467 || .12043 | .00272 || -13773 -1§500 | .o8791 5 
56 | .10337 | .90464 || .12071 | .909260 || .13802 -15529 | .o8737 4 
57 | .10366 | .0046r || .12100 | .99265 |] .13831 -15557 | .08782 3 
58 | .10395 | -00458 || .12129 | .90262 || .13860 -15586 | .98778 2 
59 | -10424 | .00455 || -12158 | .90258 || .13880 -15615 | .08773 I 
60 | .10453 | -90452 |) -12187 | .00255 || -13017 -15643 | .98760 ° 

* | Cosine Cosine | Cosine Cosine | Sive | ’ 
83° 8 81° 


4 
OO MI AHAWHHO | ~ 


NATURAL SINES AND COSINES 


543 


9° 10° HLe 12° 

Smsz | Cosive]| Sine | Cosine]} Smve | Cosine}} Sine | Cosine 
-15643 | .98769 || .17365 | .9848r || .1908. | .98163 || -20791 | .97815 | 60 
+15672 | .98764 || .17303 | .98476 || -19109 | .08157 || .20820 | .97809 | 59 
»1§7OI | .98760 || .17422 | .98471 || -1913.- | -08152 || -20848 | .97803 | 58 
-15730 | .08755 || 17451 | .98466 || .19167 | .98146 || .20877 | .07797 | 57 
-15758 | .98751 |] .17470 | -9846r || -t91¢.: | 98140 || 20905 | .97791 | 56 
15787 | .98746 || .17508 | .98455 || -19224 | -08135 || .20033 | -97784 | 55 
-15816 | .98741 |] .17537 | .98450 || -19252 | .98120 || .20062 | .97778 | 54 
15845 | .08737 || .17565 | .08445 |] -19281 | .98124 || .20090 | .97772 | 53 
-15873 | .08732 || .17594 | .08440 |] .19309 | .98118 || .21019 | .97766 | 52 
-15902 | .98728 || .17623 | .98435 || .19338 | 98112 || .21047 | .97760 | sx 
15931 | .98723 || 17651 | .98430 || .19366 | .98107 || .21076 | .97754 | 50 
15959 | .98718 || .17680 | .98425 || .19395 | -o810r || .21104 | .97748 | 40 
-15988 | .98714 || .17708 | .98420 || .19423 | .98096 || .21132 | .97742 | 48 
-16017 | .98709 || .17737 | .98414 |] 19452 | -98090 || .21161 | .97735 | 47 
-16046 | .98704 || .17766 | .98409 || .19481 | .98084 || .21189 | .97720 | 46 
+16074 | .98700 |) .17704 | -98404 || -to509 | .98079 || .21218 | .97723 | 45 
16103 | .98695 |} .17823 | .98399 |] .19538 | .98073 || .21246 | .07717 | 44 
16132 | .98690 || .17852 | .98304 || -19566 | .98067 || .21275 | .o7711 | 43 
16160 | .98689 || .17880 | .98380 || .19505 | -98061 || .21303 | .o7705 | 42 
16189 | .98681 || .17909 | .98383 || .10623 | -98056 || .21331 | .97608 | 4r 
-16218 | .98676 || .17937 | .98378 || -19652 | -98050 || .21360 | .97692 | 4o 
-16246 | .98671 || .17966 | .98373 |] -19680 | .98044 |] .21388 | .97686 | 30 
-16275 | .98667 |] .17005 | -98368 || .19709 | .98030 || .21417 | .97680 | 38 
-16304 | .98662 || .18023 | .98362 |] .19737 | -08033 |] -21445 | .07673 | 37 
-16333 | -08657 || .18052 | .98357 || .19766 | .98027 |} .21474 | .97667 | 36 
-16361 | .98652 || 18081 | .98352 || -19704 | -98021 || .21502 | .97661 | 35 
-16390 | .98648 |] .18109 | .98347 || -19823 | -98016 || .21530 | .97655 | 34 
-16419 | .98643 |] .18138 | .08341 || -19851 | -980r10 |} .21550 | .97648 | 33 
-16447 | .08638 || .18166 | .98336 || .19880 | .98004 |} .21587 | .97642 | 32 
-16476 | .98633 || .18195 | .08331 || -19908 | .97087 || .21616 | .97636 | 31 
-16505 | .98629 || .18224 | .98325 || -19037 | .97902 || .21644 | .97630 | 30 
-16533 | -98624 |} .18252 | .98320 || .19965 | .07087 || .21672 | .97623 | 29 
216562 | .98619 |} .18281 | .98315 || .19004 | .97081 || .21701 | .97617 | 28 
-16591 | -98614 |} .18309 | .98310 || .20022 | .97075 || .21720 | .97611 | 27 
-16620 | .98609 |} .18338 | .98304 || .20051 | -97069 || .21758 | .97604 | 26 
-16648 | .98604 || .18367 98299 || .20079 | .97963 || .21786 | .97508 | 25 
-16677 | .98600 || .18305 98204 |} .20108 | .97958 || .21814 | .o7502 | 24 
-16706 | .98595 || .18424 98288 || .20136 | .97952 || .21843 | .97585 | 23 
-16734 | .o8500 || .18452 98283 || .20165 | .97046 || .21871 | .97579 | 22 
-16763 | .98585 |} .18481 | .98277 || -20193 | -97040 || .21809 | .97573 | 21 
-16792 | .98580 || .18509 | .98272 || .20222 | .97034 || -21928 | .97566 | 20 
-16820 | .98575 || .18538 | .98267 || .20250 | .97028 || .21956 | .97560 | 19 
-16849 | .98570 || .18567 | .o8261 || .20279 97922 || .21985 | .o7553 | 18 
-16878 | .98565 || .18595 | .98256 || .20307 97916 || .22013 | .97547 | 17 
-16906 | .98561 || .18624 | .98250 || .20336 | -97010 |] .22041 | .97541 | 16 
-16935 | .08556 || .18652 | .98245 || .20364 | -97005 || .22070 | .97534 | I5 
-16964 | .98551 |] .18681 | .98240 || .20393 | -07800 |} -22008 | .97528 | 14 
-16992 | .98546 || .18710 | .98234 || .20421 97893 || .22126 | .o7521 | 13 
17021 | .98541 || .18738 | .98220 || .20450 | .07887 || .22155 | .o7515 | 12 
-17050 | .98536 || .18767 | .98223 || .20478 | .0788r || .22183 | .o7508 | 11 
-17078 | .98531 || .18795 | .98218 || .20507 | .07875 || .22212 | .97502 | I0 
-17107 | .98526 || .18824 | .98212 || .20535 97869 || .22240 | .97406 9 
17136 | .o8521 || .18852 | .98207 || .20563 | .07863 || .22268 | .97489 8 
-17164 | .98516 || .18881 | .98201 || .20592 97857 || .22207 | .97483 7 
-17103 | .08511 || .18910 | .98106 |} .20620 97851 || .22325 | .907476 6 
+17222 | .98506 || .18938 | .98190 || .20649 97845 || .22353 | -07470 5 
17250 | .o85or |} ,78967 | .08185 || .20677 97839 || -22382 | .97463 4 
17279 | .93496 || .18995 | .98179 || .20706 | .97833 || -22410 | .07457 3 

17308 | .98401 || .19024 | .98174 || .20734 | .97827 || .22438 | 97450 | 2 

17336 | .98486 || .19052 | .98168 || .20763 97821 || .22467 | .97444 I 

17365 | .98481 || .19081 | .08163 || .20701 | .97815 || 22405 | 97437 | Oo 
Costve | Sine || Cosine! Sine || Cosine! Sine || Cosine! Sine | ’ 

soe 79° ie tis 


544 


. 


earaunswrsno | 


Io 


NATURAL SINES AND COSINES 


13° 

Sine | Cosine 
+22405 | -97437 
-22523 | .07430 
+22552 | .07424 
.22580 | .07417 
-22008 | .97411 
-22637 | .97404 
.22065 | .97308 
-22603 | -07301 
.22722 | .97384 
22750 | .07378 
22778 | .07371 
.22807 | .07365 
22835 | .97358 
22863 | .07351 
+22802 | .07345 
22920 | .97338 
-22948 | .97331 
-22077 | .07325 
-23005 | .97318 
+23033 -O7311 
-23062 | .97304 
+23000 | .07208 
23118 | .97201 
+23146 | .97284 
+23175 | .97278 
-23203 | .07271 
.23231 | .97264 
-23260 | .07257 
-23288 | .o7251 
23316 | .97244 
-23345 | 97237 
-23373 | -97230 
+23401 | .97223 
-23420 | .07217 
-23458 | .07210 
-23486 | .97203 
+23514 | .97100 
-23542 | .07189 
-23571 | .97182 
-23590 | .97176 
.23627 | .97160 
23056 | .97162 
-23084 | -O7155 
-23712 | .97148 
+23740 O714L 
23709 | 07134 
+23797 O7127 
23825 | .o7120 
-23853 | 07113 
.23882 | .97106 
+23010 «Q7 100 
-23038 | .97003 
-23006 | .97086 
+23005 | -07079 
+24023 Q7072 
.24051 | .97065 
-24079 | .97058 
-24108 | .Q7051 
+24136 | .97044 
-24164 | .97037 
-24102 197030 
Cosine | Sine 


70> 


SINE 


25910 
25038 
+25906 
+25004 
-26022 


.26050 
.26079 
+26107 
+26135 
261603 


.26101 
.26219 
-20247 
.26275 
-26303 
-26331 
-26350 
26387 
.20415 
+20443 
.2647% 
.20500 
26528 
.26556 
26584 
20612 
-20640 
20068 
.26696 
-20724 
-26752 
-26780 
20808 
26836 
20864 
26892 
-20020 
26948 
-26076 
«27004 
27032 
-27000 
27088 
27116 
27144 
27172 
27200 
27228 
27256 
.27284 
27312 
-27340 
27368 
27306 
27424 
27452 
274 

27508 
+27536 
-27504 


25882 


15° 


Cosine 


16° 


.27564 | .96126 
27592 | .90118 
.27620 | .90110 
.27648 | .96102 
.27076 | .96004 
.27704 | .96086 
-27731 | .96078 
-27759 | -96070 
.27787 | .96062 
27815 | .96054 
-27843 | .96046 
27871 | .96037 
-27899 | .96029 
+27927 | .90021 
27055 | -96013 
-27083 | .96005 
.28011 | .O5007 
-28039 | .95080 
.28067 | .95081 
-28005 | -05072 
-28123 | .95004 
.28150 | .95056 
-28178 | .0504) 
.28206 95940 
-28234 | .9503% 
-28262 | .95023 
-28290 | .O5015 
-28318 | .95007 
.28346 | .95808 
-28374 | .95800 
.28402 | .95882 
-28429 | .95874 
-28457 | .95865 
28485 | .95857 
-28513 | 95840 
28541 | .95841 
28569 | .95832 
28507 | .95824 
28625 | .95816 
28652 95807 
-28680 | .05790 
-28708 | .OS70% 
-28736 | .05782 
-28764 | -95774 
.28792 | .05766 
-28820 | .05757 
-28847 | .95749 
-28875 | .95740 
-28903 | .05732 
-28931 | -95724 
-28050 | -05715 
-28987 | 95707 
29015 | .05 
+29042 | .95600 
+29070 | .os681 
-29098 | .95673 
-29126 | .95664 
29154 | -95656 
29182 | .95647 
29209 | .95630 
29237 | -95630 
Cosine | Sinz 
73° 


Sinz | Cosine 


=) 
Som onaenno | : 


NATURAL SINES AND COSINES 
Ne 18° 19° 20° 
SivE | Cosine|| Smye | Cosine|| Sine | Cosine|} Sine | Cosine 
+20237 | .95630 || .30902 | .95106 || .32557 | -94552 || 34202 | .93069 
+29205 | .05622 || .30920 | .95007 || 32584 | -04542 || .34220 | .03050 
+29203 | -95613 || .30057 | .oso88 |} .32612 | .04533 || -34257 | -03049 
+2932 | .95605 || 30085 | .95079 || .32639 | -04523 || -34284 | .03030 
-29348 | .95506 || .31012 | .95070 || .32607 | .94514 || .34311 | .03020 
+29376 | .95588 || .31040 | .9506r || .32604 | .94504 || -34330 | -03010 
+20404 | .05570 || -31008 | .95052 || .32722 | -944905 || -34366 | .93000 
:20432 | -95571 || .31095 | -05043 || -32740 | .04485 || -34303 | .93800 
+29400 | .95502 || .31123 | .95033 || 32777 | .94476 || .34421 | .03880 
20487 | .05554 || .31151 | .95024 || .32804 | .04466 || .34448 | -03870 
20515 | -95545 || 31178 | .05015 || -32832 | .04457 || 34475 | .93860 
29543 | -05536 || 31206 | .95006 || .32850 | .94447 || 34503 | -03850 
29571 | .95528 || .31233 | .94007 || 32887 | .94438 || .34530 | .03840 
-29599 | -05519 || .31261 | .94988 || .32014 | .94428 || .34557 | -03830 
-29626 | .95511 || .31289 | -04979 || -32042 | .04418 || -34584 | .03820 
+29054 | -95502 || .31316 | .04070 |} -32069 | .04400 || .34612 | .93810 
-29082 | .95493 || -31344 | -9496r || -32007 | -94300 || 34630 | .93800 
_ 29710 | .95485 || .31372 | -04052 || -33024 | .04300 || .34666 | .03700 
29737 | -05470 || 31300 | -94943 || -33051 | .04380 || .34604 | .03780 
20705 | -05467 || -31427 | .04933 |] 33079 | -94370 || .34721 | .93770 
20793 | -95459 || -31454 | -94024 || -33106 | .94361 || .34748 | .937690 
29821 | .95450 || .31482 | -ogors || .33134 | -04351 |] -34775 | .037590 
-29849 | .95441 || .31510 | .94006 }} .33101 | .94342 || .34803 | .03748 
-20876 | .95433 || -31537 | -04807 || .33189 | .94332 || .34830 | .03738 
+29904 | -05424 || .31565 | .04888 || .33216 | .04322 || -34857 | 03728 
29932 | -O5415 |} -31503 | .04878 || -33244 | .04313 || -34884 | .93718 
-29900 | .05407 || .31620 | .94869 |} -33271 | -04303 || -34912 | .03708 
-20987 | .95308 || .31648 | .94860 || .33208 | .04203 || 34039 | -03608 
-30015 | .95380 || .31675 | .94851 || -33326 | .94284 || .34066 | .93688 
-30043 | -95380 || .31703 | .04842 || 33353 | -04274 || -34003 | .03677 
-30071 | .05372 || -31730 | -04832 || 33381 | .94264 || .35021 | .93667 
-30098 | .05363 || -31758 | .94823 || 33408 | .04254 || .35048 | .03657 
+80126 | .95354 || -31786 | .04814 || 33436 | .94245 || 35075 | .93647 
+30154 | -95345 || -31813 | .04805 || -33403 | -04235 || .35102 | .93637 
+30182 | .95337 || -31841 | .04795 || -33490 | -94225 || .35130 | .93626 
+30209 | .95328 || .31868 | .94786 33518 | .94215 || -35157 | .93616 
+30237 | -95310 || .31806 | .04777 || 33545 | -94200 || .35184 | .93606 
+30205 | -95310 || .31023 | .04768 || 33573 | -94106 || .35211 | .93506 
+30292 | .95301 |] .31951 | .04758 || -33000 | .04186 || .35239 | -93585 
-30320 | -05203 || -31979 | -94740 || -33027 | -04176 || -35266 | .03575 
-30348 | .95284 || .32006 | .94740 || -33055 | -04167 || -35203 | -03505 
+30376 | .05275 || -32034 | -94730 || .33082 | .04157 || 35320 | 03555 
+30403 | -95206 || .32061 | .94721 || .33710 | .04147 || -35347 | 03544 
-30431 | -05257 || 32089 | .94712 || .33737 | -04137 || -35375 | -03534 
-30459 | .05248 || 32116 | .94702 || .33764 | .04127 || -35402 | 03524 
-304860 | -05240 || .32144 | -94603 || .33702 | -04118 || -35429 | -03514 
+30514 | -95231 || .32171 | -94684 || .33819 | -94108 || .35456 | .03503 
+30542 | .95222 || .32109 | -94674 || .33846 | -04008 || .35484 | -93403 
-30570 | -05213 || 32227 | -94665 || .33874 | .04088 || .35511 | .03483 
-30507 | -05204 || 32254 | -94656 || .33001 | .94078 || .35538 | .03472 
+30025 | .05105 || .32282 | .94646 || .33020 | .04068 || .35565 | .03462 
+30653 | .95186 || .32309 | .94637 || .33056 | .o4o58 || .35502 | 93452 
+30680 | .05177 || -32337 | -94627 || -33083 | .94049 || -35619 | -03441 
«30708 | .95168 || .32364 | .94618 || .34011 94030 || -35047 | .03431 
+30730 | .05150 || -32302 | .04600 || .34038 | .94020 || .35674 | .03420 
-30763 | -05150 || -32410 | .045909 || -34065 | .94019 || .35701 | .03410 
307901 | .95142 || .32447 | .04500 || .34003 | .04000 || -35728 | -93400 
+30819 | °95133 || .32474 | .94580 || .34120 | .03090 || -35755 | -93380 
-30846 | .95124 || .32502 | .04571 || -34147 | “93080 || 35782 | -93379 
-30874 | .95115 || .32529 | .0456r || .34175 | -93079 || .35810 | .03368 
+30902 | .95106 || .32557 94552 || -34202 93969 || .35837 | .93358 
Cosine | Sine |/ Cosine! Since || Cosine! Srve || Cosine! Sine 
72° ase io 69° 


ls Sere pees doe 
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546 NATURAL SINES AND COSINES 
21% 7) as 232 - 
i Sine | Costve|| Sine | Cosine|| Srve | Cosine Cosine | ” 
o | .35837 | -03358 || .37461 | -92718 || .30073 91355 | 60 
1 | .35864 | .03348 || -374 92707 || .30100 91343 | 50 
2 | .35891 | -93337 || -37515 | -92607 || .30127 91331 | 58 
3 | -35018 | .03327 || -37542 | -92686 || .30153 91310 | 57 
4 | -35045 | -93316 || .37560 | .92675 || -30180 91307 | 50 
5 | -35073 | -93306 || 37505 | -92664 |) .39207 01205 | 55 
6 | .36000 | .93205 |} -37622 | .02653 || -39234 91283 | 54 
7 | .36027 | .93285 || .37649 | .92642 || .30260 91272 | 53 
8 | .36054 | -03274 37676 92631 || .39287 91260 | 52 
9 | -36081 | .03264 37703 92620 || .30314 91248 | 51 
xo | .36108 | .93253 || -37730 | -92609 || .30341 91236 | 50 
11 | .36135 | .03243 || 37757 | -92598 || -30367 91224 | 40 
12 36162 | .03232 || -37784 92587 || -30304 o1212 | 48 
13 «30190 | .03222 37811 92576 || .39421 1200 | 47 
14 | .36217 | .03211 || .37838 92565 || .30448 91188 | 46 
15 | -36244 | .93201 || -37865 | .92554 || -30474 01176 | 45 
16 | .36271 | .93100 || -37802 | -02543 || .30501 91164 | 44 
17 | .36208 | .93180 || .37010 92532 || -30528 OII§2 | 43 
18 | .36325 | .03160 || -37046 | .9252I || .30555 OII4O | 42 
19 | -36352 | .93150 || .37973 | -02510 || .30581 91128 | 4t 
20 | .36379 | .03148 || .37000 | -92400 || .30608 91116 | 40 
at | .36406 | .03137 || .38026 92488 || .30635 91104 | 30 
22 | .36434 | -03127 || .38053 | -02477 || -30661 91092 | 38 
23 | .3646t | .03116 || .38080 | .92466 || .30688 91080 | 37 
24 | -36488 | .93106 || .38107 | -02455 || -39715 91008 | 36 
25 | .36515 | -03005 || -38134 | .92444 || 39741 91056 | 35 
26 | .36542 | .93084 || .38161 | .92432 || .39768 91044 | 34. 
27 | -36560 | .03074 || .38188 | .92421 || 30795 91032 | 33 
28 | .36596 | .93063 || .38215 92410 || .30822 91020 | 32 
29 | .36623 | .93052 38241 92399 || -30848 91008 | 31 
30 | .36650 | .93042 || 38268 | .92388 || .30875 90906 | 30 
31 | -36677 | .93031 || -38205 | -92377 || -30902 90984 | 29 
32 | .36704 | -93020 38322 92366 || .30028 90972 | 28 
33 | -36731 | -93010 || .38349 | -02355 || -30055 92960 | 27 
34 | -36758 | .02900 || .38376 | .92343 || -30082 90048 | 26 
35 | -36785 | -92088 || .38403 | -92332 || -40008 90036 | 25 
36 | .36812 | .92978 38430 | .92321 || -40035 90024 | 24 
37 | -36830 | .92067 38456 | .92310 || .40062 -QOOIT | 23 
38 | .36867 | .92056 || .38483 | -92200 || .40088 90800 | 22 
39 | -36804 | .92045 || .38510 | -92287 |} .4or15 90887 | 21 
40 | .36921 | .92035 || 38537 | -92270 || 40141 90875 | 20 
41 | .36048 | .92024 || -38564 | .02265 || .40168 -90863 | 1 
42 | -36075 | -92013 || .38501 | -02254 || -40195 9085r | 1 
43 37002 | .92002 || .38617 02243 40221 90830 | 17 
44 | .37029 | .92802 || .38644 | -92231 40248 90826 | 16 
45 | .37056 | .9288r || .38671 92220 || .40275 90814 | 15 
46 | .37083 | .02870 || .38608 | -922c9 || .40301 .go8o2 | 14 
47 | -37110 | .02850 || .38725 | -o2108 || .40328 90790 | 13 
48 | .37137 | .02840 || 38752 | .92186 || .40355 90778 | 12 
49 | .37164 | .92838 || .38778 | -92175 || .4038z 90766 | It 
50 | .37191 | .92827 || .38805 | .92164 || -40408 99753 | 10 
51 37218 | .92816 || .38832 | .92152 || .40434 QOT4L g 
52 | .37245 | .o2805 || .38850 | -92741 |} 40461 90729 
53 | -37272 | .02704 || -38886-| .92130 || -4o. 90717 | 7 
54 | -37200 | -02784 || .38012 | .02110 || -40514 90704 | 6 
55 | -37326 | .92773 || 38039 | 92107 || -40541 e692 | 5 
56 | .37353 | -92762 || .38066 | .92006 || .40567 0680 | 4 
57 | -37380 | 02751 || -38003 | .92085 || .40504 90668 | 3 
58 | .37407 | .02740 || -39020 | -02073 || -4o621 90655 2 
59 | -37434 | 02720 || .30046 | .92062 || .40647 043 | 1 
60 | .37461 | .92718 || .30073 | -92050 || .40674 90631 | 0 
’ | Cosine! Sine || Cosine! Sive Sine | ” 


NATURAL SINES AND COSINES 547 
25° 26° 27° 28° 

* | Sine | Cosine|| Sinz | Cosine|| Sine | Cosine||} Sine | Cosine | ’ 
o | .42262 | .90631 || .43837 | .80870 || .45309 | -8or0r || .46047 | .88205 | 60 
x | 42288 | .90618 || .43863 | .80867 || .45425 | .89087 || .40073 | .88281 | 59 
2 | .42315 | .90606 || .43880 | .80854 || .4545x | .89074 || -46009 | .88267 | 58 
3 | -42341 | .90504 || .43016 | .8084r |] .45477 | 8906x || .47024 | 88254 | 57 
4 | 42367 | .90582 |} .43042 | .80828 |] .45503 | -80048 || .47050 | .88240 | 56 
5 | 42304 | .90569 |} -43968 | .89816 |] .45520 | .80035 || .47070 | .88226 | 55 
6 | .42420 | .90557 |] 43004 | 80803 |] .45554 | -So02r |} -47101 | .88213 | 54 
7 | .42446 | .90545 || .44020 | .89790 || .45580 | .89008 || .47127 | .88109 | 53 
8 | .42473 | .00532 || .44046 | .80777 |] -45606 | 88095 || .47153 | 88185 | 52 
9 | -42409 | .00520 |} .44072 | .80764 |} -45632 | 88981 || .47178 | 88172 | 51 
ro | .42525 | .90507 || .44008 | .80752 |] .45658 | .88968 || .47204 | 88158 | 50 
1x | .42552 | 0405 |} .44124 | .80730 || 45684 | .88055 || .47220 | .88144 | 49 
r2 | .42578 | .90483 || .4415r | 80720 |] .45710 | .88942 || .47255 } .88130 | 48 
13 | .42604 | .00470 || .44177 | 80713 || .45736 | 88028 || .47281 | .88117 | 47 
14 | .42631 | .00458 || .44203 | .80700 |] .45762 | 88015 || .47306 | 88103 | 46 
15 | .42657 | .90446 || .44220 | .80687 || .45787 | .88002 || .47332 | .88080 | 45 
16 | .42683 | .900433 || .44255 | 80674 |] .45813 | 88888 || .47358 | 88075 | 44 
17 | .42709 | .oo4gat || .44251 | 80662 |} .45830 | 88875 || -.47383 | 88062 | 43 
18 | .42736 | .90408 |] .44307 | .80649 || .45865 | .88862 |! .47400 | .88048 | 42 
19 | -42762 | .90306 || .44333 | 80636 || .45801 | .88848 || .47434 | .88034 | 4r 
20 | .42788 | .90383 || .44359 | -89623 |] .45917 | .88835 || .47460 | 88020 | 4o 
art | .42815 | .90371 || -44385 | .80610 |] .45042 | 88822 || .47486 | .88006 | 39 
22 | .42841 | .90358 |] .44411 | .80507 || 45968 | .88808 || .47511 | .87003 | 38 
23 | .42867 | .00346 || .44437 | -80584 |] -45004 | .88705 || -47537 | 87970 | 37 
24 | .42804 | .00334 || .44464 | .80571 || .46020 | .88782 || .47562 | 87965 | 36 
25 | .42920 | .90321 || 1.44490 | .80558 |] .46046 | .88768 || .47588 | .87051 | 35 
26 | .42046 | .90309 || .44516 | 80545 || 46072 | .88755 || .47614 | 87037 | 34 
27 | .42072 | .90206 || .44542 | 89532 || 46007 | 88741 || .47630 | .87023 | 33 
28 | .42909 | .90284 |} .44568 | .895109 || .46123 | .88728 || .47665 | .87900 | 32 
29 | .43025 | .90271 |} .44504 | .89506 || .46140 | .88715 || -47690 | .87806 | 31 
30 | -43051 | .90259 || .44620 | 80403 |} 46175 | .88701 || .47716 | 87882 | 30 
31 | .43077 | .00246 || .44646 | .89480 || .46201 | .88688 || .47741 | .87868 | 20 
32 | .43104 | .90233 || .44672 | .80467 || .46226 | .88674 || .47767 | 87854 | 28 
33 | -43130 | .90221 || .44608 | 80454 }} .46252 | .8866r || .47703 | .87840 | 27 
34 | .43156 | .90208 || .44724 | .80441 || .46278 | .88647 || .47818 | .87826 | 26 
35 | .43182 | .90106 || .44750 | .80428 || .46304 | .88634 || .47844 | .87812 | 25 
36 | .43200 | .90183 || .44776 | .80415 || -46330 | .88620 || .47869 | .87708 | 24 
37 | -43235 | 90171 || .44802 | .89402 |} .46355 | .88607 || .47805 | 87784 | 23 
38 | .43261 | .90158 || .44828 | .89380 || .46381 | -88503 || -47920 | .87770 | 22 
30 | -43287 | .00146 || .44854 | .890376 || .46407 | .88580 || .47046 | 87756 | ar 
40 | -43313 | .90133 |] .44880 | .89363 || .46433 | 88566 || .47071 | .87743 | 20 
4t | .43340 | .90120 |} .44906 | .80350 || .46458 | .88553 || 47007 | .87720 | 19 
42 | -43306 | .90108 || .44032 | 80337 || .46484 | .88539 || .48022 | 87715 | 18 
43 | -43392 | .90095 || .44058 | .80324 |} -46510 | .88526 || .48048 | 87701 | 17 
44 | .43418 | .goo82 44984 | 89311 || .46536 | 88512 || .48073 | .87687 | 16 
45 | -43445 | .90070 || .45010 | .89208 |} 46561 | .88409 || -48000 | 87673 | 15 
46 | .43471 | .90057 || .45036 | .80285 |] .46587 | .88485 || .48124 | 87650 | 14 
47 | -43407 | .90045 || .45062 | .89272 |} -46613 | .88472 || .48150 | 87645 | 13 
48 | .43523 | .90032 || .450) 89250 || -46639 | 88458 |} .48175 | 87631 | 12 
49 | -43549 | -Q0019 45114 | 80245 || -46664 | .88445 || -48201 | .87617 | x11 
50 | .43575 | .90007 45140 | .89232 || .46690 | .88431 || .48226 | .87603 | 10 
51 | -43602 | 80004 45166 | 80210 || .46716 | .88417 || .48252 | 87580 9° 
52 | .43628 | 80081 45102 | .89206 || .46742 | .88404 || .48277 | .87575 8 
53 | -43654 | 80068 || .45218 | 89193 || -46767 | 88300 || .48303 | 87561 7 
54 | .43680 | 89956 || .45243 | 80180 || .46703 | -88377 || .48328 | 87546 | 6 
55 | -43706 | .80043 || .45260 | .89167 || .46819 | .88363 || .48354 | 87532 | 5 
56 | .43733 | -80030 || .45205 | 80153 || -46844 | 88349 || 48370 | 87518 | 4 
57 | -43759 | -89918 45321 | 80140 || .46870 | .88336 || .48405 | .87504 3 
58 | .43785 | 80005 || .45347 | 80127 || .46806 | .88322 || .48430 | 87400 | 2 
50 | .438:1 | 80802 || .45373 | 80114 || .4692r | .88308 || .48456 | .87476 I 
-43837 | 80870 || .45309 | .8oror || .46047 | 882905 || 48481 | 87462 | © 

’ | Cosrre! Srve || Cosine | Sine || Cosine! Sine || Cosine! Sine | ’ 

64° 63° Oo ° 


548 


al 
Somronsanno | = 


NATURAL SINES AND COSINES 


30° 31° 32° 

Stine | Costne|| Srve | Cosine]! Sve | Cosine 
«50000 «51504 | 85717 || .52002 | .84805 
«50025 -51529 | .85702 53017 | 84789 
-50050 +51554 | -85687 || .53041 | 84774 
+50076 51579 | .85672 || .53066 | .84750 
«5OIOL -51604 «53001 | .8474 

«50126 -51628 «53115 ‘Bayes 
-SOISI +51653 «53140 | .84712 
-50176 -51678 53164 | 84697 
«50201 «51703 53189 | 84681 
-§0227 +51728 53214 | 84666 
-50252 +51753 53238 | .84650 
+5027 51778 53263 | 84635 
«50302 «51803 53288 | 84619 
+50327 «51828 53312 | .84604 
50352 +51852 53337 | 84588 
50377 +5187 53361 | 84573 
+50403 +51902 53386 | 84557 
50428 +51027 53411 | 84542 
50453 -51952 53435 | 84526 
50478 51077 53460 | .84511 
50503 -52002 53484 | 84405 
-50528 +52026 53500 | .84480 
50553 +52051 53534 | 84464 
-50578 +52076 53558 | 84448 
+50603 «52101 53583 | -84433 
-50628 «52126 §3007 | 84417 
-50054 «52151 53632 | .84402 
-50679 52175 53656 | .84386 
«50704 +52200 53081 84370 
50720 +52225 53705 | .84355 
50754 +52250 53730 4330 
+50779 52275 53754 | 84324 
-50804 -52200 53779 | .84308 
«50820 «52324 -53804 842092 
+50854 -52340 53828 | 84277 
+50879 52374 53853 | 84261 
+50904 +52300 53877 | 84245 
-50920 +52423 53002 | 84230 
+50054 52445 53026 | 84214 
50979 52473 53051 | 84198 
51004 +52408 53075 | 84182 
51020 -52522 54000 | .84167 
51054 52547 54024 | 841s 
+51070 52572 $4049 | .84135 
51104 “52507 54073 | .84120 
51120 +52021 +54007 84104 
51154 «52046 -54122 | 84088 
51170 52671 *54146 | 84072 
51204 +5 2606 54171 | 84057 
«51220 «52720 54105 | 84041 
51254 “52745 54220 | 84025 
51279 -52770 54244 | 84000 
51304 -52704 54269 | 83004 
51329 -52810 54293 | .83078 
51354 52844 54317 | 83062 
51379 -52869 +54342 | 83046 
51404 +52893 54306 | .83030 
51420 529018 54301 | 83015 
51454 52043 54415 | 83800 
51479 +52007 54440 | 83883 
51504 -52002 -54464 | .83867 

Srnz_ |] Cosine Costne | SINE 


CosINE 
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Lopecceame 
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a ee 


Oe TANAWHHO | : 


NATURAL SINES AND COSINES 


33° 34° 
Smye | Cosine |} Sine | Cosine 
+54404 | .83867 || .5so10 | .82004 
-54488 | .83851 || .55943 | .82887 
-54513 | .83835 || .55968 | .82871 
+54537 | -83519 || .55002 | .82855 
54501 | .83804 || .56016 | .82830 
-54586 | .83788 || .56040 | .82822 
-54010 | .83772 || .56064 | .82806 
-54035 | .83756 || .56088 | .82700 
-54050 | .83740 || .56112 | .82773 
-54083 | .83724 || .56136 | .82757 
+54708 | .83708 || .56160 | .82741 
54732 83602 || .56184 | .82724 
-54750 | .83676 || .56208 | .82708 
54781 | .83660 || .56232 | .82692 
+54805 | .83645 || .56256 | .82675 
-54829 | .83620 || .56280 | .82650 
54854 | -83613 || 56305 | 82643 
-54878 | .83507 || .56320 | .82626 
-54902 | .83581 || .56353 | .82610 
54927 | -83565 || .56377 | 82503 
54951 | 83540 || .5640r | 82577 
54975 | .83533 || 56425 | 82561 
54999 | 83517 || 56449 | 82544 
-55024 | .83501 || .56473 | .82528 
55048 | 83485 || .56497 | .82511 
55072 | .83469 || .56521 | .82405 
55007 | -83453 || .56545 | 82478 
55121 | 83437 || .56569 | .82462 
55145 | .83421 || .56503 | 82446 
55169 | .83405 || .5661r7 | .82429 
-55104 | .83389 || .56641 | .82413 
55218 | .83373 || .56665 | .82306 
55242 | .83356 || .56689 | 823 0 
55266 | .83340 || .56713 | -82363 
55201 | 83324 || .56736 | 82347 
55315 | .83308 }} .56760 | .82330 
-55339 | -83202 || .56784 | 82314 
+55363 | .83276 || .56808 | .82207 
-55388 | .83260 || .56832 | .82281 
-55412 | .83244 || .56856 | 82264 
55436 | .83228 || .56880 | 82248 
-55460 | .83212 || .56904 | .82231 
55484 | .83105 || .56928 | 82214 
-555090 | .83170 || -56952 | 82108 
55533 | -83163 || .56976 | .82181 
55557 | -83147 || .57000 | 82165 
55581 | .83131 || .57024 | 82148 
55005 | 83115 || .57047 | 82132 
+55630 | .83008 || .5707" | 82115 
55654 | .83082 || .57095 | .82008 
55678 | 83066 || .57119 | .82082 
55702 | .83050 || .57143 | .82065 
55726 | 83034 || .57167 | .82048 
55750 | .83017 || .57191 | 82032 
-55775 | 83001 || 57215 | 82015 
55799 | 82085 || .57238 | -81090 
-55823 | .82069 || .57262 | .81082 
-55847 | -82953 || .57286 | .81065 
55871 | 82036 || .57310 | .81040 
55805 | -82020 || .57334 | .81032 
“55919 | .82904 || .57358 | .819015 
CostnE| Sine || Cosine | Sine 
56° 55° 


35° 36° 
SinE | Cosine || Sine | Cosnre | ’ 
57358 | -81015 || .58779 | .80002 | 60 
+57381 | 81809 58802 80885 | 50 
+57405 | .81882 58826 80867 | 58 
+57429, | .81865 58840 80850 | 57 
57453 | -81848 || .58873 | .80833 | 56 
+57477 | 81832 58806 80816 | 55 
57501 | .81815 || .58920 | .80799 | 54 
57524 | -81798 || .58943 | .80782 | 53 
+57548 | .81782 58007 80765 | 52 
57572 | -81765 || .58990 | 80748 | 5x 
+57596 | .81748 || .59014 | .80730 | 50 
57619 | -81731 || .59037 | .80713 | 4o 
-57643 | -81714 || .59061 80606 | 48 
57067 | .81608 || .59084 | .80679 | 47 
-57601 | -81681 || .59108 80662 | 46 
+57715 | -81664 || .59131 80644 | 45 
57738 | 81647 || 50154 | 80627 | 44 
-57702 | .81631 50178 80610 | 43 
-57780 | 81614 || .59201 80593 | 42 
-57810 | .81507 59225 80576 | 41 
57833 | -81580 || .59248 | 80558 | 4o 
57857 | -81563 || .59272 | .80541 | 30 
57881 | .81546 || .59205 | .80524 | 38 
+57904 | 81530 |) .50318 | 80507 | 37 
57928 | .81513 || .59342 | .80489 | 36 
57952 | -814906 || .50365 | .80472 | 35 
57976 | -81479 || .50389 | 80455 | 34 
57999 | 81462 || .50412 | .80438 | 33 
+§8023 | .81445 || .50436 | .80420 | 32 
58047 | -81428 || .50450 | .80403 | 31 
-58070 | 81412 || .59482 80386 | 30 
-58004 | .81395 || .59506 | .80368 | 290 
-58118 | .81378 || 59529 | 80351 | 28 
58141 | .81361 || .59552 | .80334 | 27 
-58165 | 81344 |} -59576 | .80316 | 26 
58189 | -81327 || .50500 | .80209 | 25 
-§8212 | .81310 || .50622 | 80282 | 24 
58236 | 81293 || -50646 | 80264 | 23 
«58260 | .81276 59669 | .80247 | 22 
-58283 | .81259 || .59603 | 80230 | 21 
58307 | .81242 || .50716 | .80212 | 20 
-58330 | .81225 |) .59739 | 80195 | 19 
-58354 | 81208 |] .59763 | .80178 | 18 
-58378 | 8rror || .50786 | 80160 | 17 
-584or1 | 81174 59809 | .£80143 | 16 
-58425 | -81157 59832 | 80125 | 15 
-58449 | -81140 || .59856 | 80108 | 14 
-58472 | -81123 59870 | 800091 | 13 
-58406 | 81106 59902 | .80073 | 12 
58519 | -81089 || .59926 | .80056 | 11 
-58543 | -81072 59949 | .80038 | 10 
+58567 | 81055 || .59072 | 80021 9 
«58590 | .81038, || -59005 | 80003 8 
-58614 | .8102t || .G0019 | .79986 ‘Vf 
-58637 | -81004 |} .60042 | .79968 6 
+58661 | .80087 |} 60065 | .7005t 5 
-58684 | -80970 |} .G0089 | .79034 4 
-58708 | -80953 || Got12 | .79916 | 3 
-58731 | -80936 || .60135 | .79809 | 2 
-58755 | -80919 || .60158 | .79881 I 
-58779 | 80902 60182 | .79864 ° 
Cosine! SINE || Cosine | Sine | ’ 
54° 53° 


NATURAL SINES AND COSINES 


37° 38° 39° 40° 
Sing | Cosine || Sine | Cosine|| Sine | Cosine |) Sine | Cosine | % 


OMT ANRWHHO 


10 


60182 | .79864 || 61566 | .78801 |} .62932 | .77715 || 64279 | .76604 | 60 
60205 | .79846 || 61589 | .78783 || 62055 | .77606 || .64301 | .76586 | 590 
60228 | .79829 || 61612 | .78765 || .62077 | -77678 || .64323 | .76567 | 58 
60251 | .79811 || .61635 | -78747 || 63000 | .77660 || .64346 -76548 | 57 
60274 | -70793 || 61658 | .78720 || .63022 | .77641 64308 | .76530 | 56 
60298 | .79776 || .6168x | «78711 || .63045 | .77623 || 643090 76511 | 55 
.60321 | -79758 || .61704 | -78694 || 63068 | -77605 || .64412 -76492 | 54 
60344 | .79741 || 61726 | .78676 || .63090 | -77586 || .64435 | -76473 | 53 
60367 | -79723 || 61749 | -78658 || 63113 | -77568 || .64457 | -76455 | 52 
60390 | .79706 || 64772 | .78640 || .63135 | -77550 || .64470 | .76430 | 51 
60414 | .79088 || 61705 | .78622 || .63158 | .77531 || 64501 -76417 | 50 
60437 | .79671 || 61818 | .78604 |] .63180 | .77513 || 64524 .76308 | 4 
60460 | .79653 || .61841 | .78586 || .63203 | .77494 645460 | -76380 | 4 
60483 | .79635 || 61864 | .78568 |) .63225 | “77476 64568 | .76361 | 47 
60506 | .79618 || .61887 | .78550 || 63248 | .77458 || 64500 | -76342 46 
60529 | .79600 || .61909 | .78532 || 63271 | -77430 64612 | .76323 | 45 
60553 | -70583 || -61932 | -78514 || 63203 } -77421 || .64635 | -76304 | 44 
60576 | .7956s || .61955 | -78406 || .63316 | -77402 || 64657 | -76286 | 43 
60500 | .70547 || 61978 | .78478 || 63338 | -77384 |{ 64679 | .76267 | 42 
60622 | .79530 || 62001 | .78460 || .63361 | -77366 || .6470r -76248 | 41 
60645 | 79512 || 62024 | .78442 || .63383 | -77347 || 64723 | -76229 | 40 
60668 | .79404 || .62046 | -78424 || .63406 | .77320 || .64746 | .76210 | 30 
60691 | .79477 || 62060 | .78405 63428 | -77310 || .64768 | .761092 33 
60714 | .79450 || 62002 | .78387 || 63451 | -77202 || .64700 | -76173 | 37 
60738 | .79441 || 62115 | -78360 || 63473 | -77273 || 64812 76154 | 36 
60761 | .70424 || 62138 | .7835r || 63496 | 77255 || 64834 | -76135 | 35 
60784 | .79406 || 62160 | .78333 63518 | -77236 || .64856 | .76116 | 34 
60807 | .79388 || 62183 | -78315 || -63540 -77218 || .64878 | .76007 | 33 
60830 | .79371 || 62206 | .78207 || .63563 | -77190 64901 | -76078 | 32 
60853 | .79353 || 62229 | .78270 || .63585 77181 || .64923 | -76050 | 3% 
60876 | .79335 || -62251 | .7826r || 63608 | .77162 || .64045 -76041 | 30 
60899 | .79318 || 62274 | -78243 .63630 | -77144 || .64967 | .76022 | 20 
60922 | .79300 || .62207 | .78225 || 63653 | -77125 640809 | -76003 | 28 
60945 | .79282 || .62320 | .78206 || .63675 | -77107 65011 | .75084 | 27 
.60968 | .79264 || .62342 | .78188 || .63608 .77088 || .65033 | .75065 | 26 
6ooor | .79247 || 62365 | .78170 || 63720 } «77070 65055 | -75046 | 25 
6rors | .79229 || .62388 | .78152 || 63742 | -77051 || .65077 | -75907 | 24 
61038 | .79211 || 62411 | -78134 || -63765 | -77033 65100 | .75008 | ‘23 
6106t | .79193 || -62433 78116 || .63787 | -77014 || 65122 | -75889 | 22 
61084 | .79176 || 62456 | .78008 || .63810 -76996 || .65144 | -75870 | 21 
61107 | .79158 || .62479 | .78070 || 63832 | -76977 || .65 166 | .75851 | 20 
61130 | -7or40 || 62502 | .7806r || 63854 -76050 || .65188 | .75832 | 1 
61153 | -79122 || 62524 | .78043 || -63877 76940 || 65210 | 75813 | © 
62547 | -78025 || 63800 | -7692t || .65232 | -75794 | 17 
62570 | .78007 || .63922 | -76003 || .65254 | -75775 16 
62592 | .77088 || -63044 | -76884 || .65276 | -75756 | 15 
62615 | .77970 || 63966 | .76866 || .65208 | .7573' 14 
62638 | .77952 || -63080 | -76847 || .65320 | -75719 | 13 
62660 | .77934 || 64011 | -76828 || .65342 | -75700 | 12 
62683 | -77916 64033 | -76810 || 65364 | .75680 | 11 
62706 | .77807 || .64056 | -76701 || .65386 | .7566r | 10 
62728 | .77879 || 64078 | -76772 || 65408 | .75642 H 
62751 | .77861 || .64100 | -76754 || .65430 | -75623 
62774 | -77843 || 64123 | -76735 || -65452 | -75604 | 7 
62796 | .77824 || .64145 | -76717 || .65474 | -75585 | 6 
62819 | -77806 || .64167 | .7 65406 | -75566 5 
62842 | .77788 || .64190 | -76679 || 65518 | -75547 | 4 
62864 | .77760 || .64212 | .76661 || .65540 75528 3 
62887 | .77751 || 64234 | -76642 || .65562 | -75500 | 2 
62009 | .77733 || -64256 | .76623 | -65584 | -75490 | X 
62932 | .77715 || 64279 | .76004 || 65606 | .75471 | 0 
Cosine | Sine || Cosise | Sine || Costve! Sine | ’ 
51° 4 


a 
00 SY QUAW HHO | ~ 


NATURAL SINES 


AND COSINES 551 
41° 42° 43° 44° 
Sine | CosinE|} Sine | Cosme|| Sive | Cosine|| Sine | Cosrye] ” 
65606 | .75471 || 66913 | -74314 || .68200 | .73135 || -60466 | .71934 | 60 
65628 | .75452 || .66035 | -74205 || -0S822r | .73116 69487 71914 | 59 
65650 | .75433 || -66056 | .74276 || .68242 | .73006 69508 71894 | 58 
65672 | .75414 || 66078 | .74250 || .68264 | -73076 || .69529 | .71873 | 57 
65604 | .75395 || 66099 | .74227 || 68235 | -75056 || .60549 | .71853 | 56 
65716 | .75375 || 67021 | .74217 || .68306 | .73036 60570 71833 | 55 
65738 | .75356 || 67043 | -74108 || .68327 | .73016 || 6osor | .71813 | 54 
65759 | -75337 || 67064 | .74178 || 68349 | .72006 || .69612 | .71792 | 53 
65781 | .75318 || 67086 | .74150 || 68370 | .72976 || .60633 71772 | 52 
65803 | -75200 || 67107 | .74130 || 68301 | -72057 || 60054 | .71752 | 51 
65825 | .75280 || .67129 | “74120 || .68412 | .729037 69675 71732 | 50 
65847 | .7526r || 67151 | .74100 || .68434 | .72017 69696 7171I | 49 
65869 | .75241 || 67172 | .74080 || .68455 | -72807 60717 7169r | 48 
65891 | .75222 || .67194 | -74061 || .68476 | .72377 60737 71671 | 47 
65913 | -75203 || 67215 | .7404t || 68407 | .72857 || .60758 | .71650 | 46 
65035 | -75184 || .67237 | -74022 |} .68518 | .72837 || .60770 | .71630 | 45 
65056 | .75165 || .67258 | .74002 || .68539 | -72817 69800 71610 | 44 
65078 | .75146 ||} 67280 | .73983 || .68561 | .72707 69821 71500 | 43 
66000 | .75126 || .67301 | .73063 || .68582 | .72777 69842 71569 | 42 
166022 | .75107 || .67323 | -73044 || .68603 | .72757 69862 71549 | 41 
66044 | -75088 || .67344 | -73024 || .68624 | .72737 || 60883 | .71520 | 40 
66066 | .75069 || .67366 | .73004 || .68645 | -72717 69904 | .71508 | 30 
-66088 | .75050 |} .67387 | -73885 || .68666 | .72607 60025 | .71488 | 38 
166109 | .75030 || .67409 | -73865 || .68688 | .72677 69046 | .71468 | 37 
66131 | .75011 || .67430 | .73846 || .68709 | .72657 69066 | .71447 | 36 
66153 | -74002 || -67452 | -73826 || .68730 | .72637 || -60087 | .71427 | 35 
66175 | -74973 || -67473 | -73806 || .68751 | .72617 || -70008 | .71407 | 34 
66197 | -74053 || 67405 | -73787 || -68772 | -72507 |] -70020 | .71386 | 33 
66218 | .74934 || 67516 | -73767 || .68703 | -72577 || -70049 | .71366 | 32 
66240 | .74915 || .67538 | -73747 || 68814 | .72557 || -70070 | .71345 | 31 
66262 | .748096 || .67559 | .73728 || .68835 | -72537 || -70001 | .71325 | 30 
66284 | .74876 || .67580 | .73708 || .68857 | .72517 7OII2 | .71305 | 20 
66306 | .74857 || .67602 | .73688 || .68878 | .72407 70132 | .71284 | 28 
66327 | .74838 || .67623 | .73660 || .68809 | .72477 7OIS3 | .71264 | 27 
66340 | .74818 || 67645 | -73640 ||} 68920 | .72457 JOI74 71243 | 26 
66371 | .74799 || -67666 | .73620 || 68041 | -72437 |] -7o105 | -71223 | 25 
66303 | .74780 || -67688 | .73610 || .68962 | .72417 7O215 71203 | 24 
66414 | .74760 || .67709 | .73590 || .68983 | -72307 || -70236 | .71182 | 23 
66436 | .74741 || 67730 | -73570 || 69004 | .72377 || .70257 | .71162 | 22 
66458 | .74722 || 67752 | -7355% || 69025 | .72357 || «70277 | .7114r | 21 
66480 | .74703 || 67773 | -73531 || 69046 | .72337 70208 7112I | 20 
66501 | .74683 || -67705 | .73511 |} -69067 | .72317 70319 | .7II00 | IO 
-66523 | .74664 || .67816 | .73491 || .69088 | .72207 70330 | .71080 | 18 
66545 | -74644 || 67837 | -73472 || -69109 | .72277 || -70360 | .71059 | 17 
-66566 | .74625 || 67859 | .73452 || 69130 | -72257 70381 | .71039 | 16 
-66588 | .74606 || .67880 | .73432 || 69151 | 72236 7O40I | .71OIQ | I5 
66610 | .74586 || .6790r | -73413 || .Go172 | .72216 70422 | .70908 | 14 
66632 | .74567 || 67023 | -73393 || -60103 | .72196 || .70443 | .70078 | 13 
66653 | .74548 || 67044 | -73373 || 60214 | .72176 || «70463 | .70057 | 12 
66675 | .74528 || .67065 | .73353 || -60235 | .72156 || «70484 | .70037 | 11 
66697 | .74500 || -67087 | .73333 || .69256 | .72136 || -70505 | .70916 | 10 
66718 | .74489 || .68008 | .73314 || .60277 | -72116 || .70525 | .70806 9 
66740 | .74470 || .68029 | -73204 || -60208 | -72095 || «70546 | .70875 | 8 
66762 | .74451 || -68051 | .73274 || .69310 | »72075 || -70567 | .70855 7 
66783 | .74431 || 68072 | .73254 || 69340 | -72055 || .70587 | .70834 | 6 
-66805 | .74412 || .68003 | .73234 || .60361 | .72035 70608 | .70813 5 
66827 | .74392 || .68115 | .73215 || .69382 | -72015 70628 | .70703 4 
66848 | .74373 || 68136 | .73195 |] 69403 | -71095 || -70649 | .70772 | 3 
66870 | .74353 || -68157 | .73175 || 60424 | -71974 || -70670 | .70752 | 2 
66801 | .74334 || 68179 | 73155 || 60445 | -71954 || -70690 | -70731 I 
66913 74374 | 68200 | .73135 || 60466 | .719034 7OTII | .7O7IL a 
Cosine| Sine || Cosine! Sine || Cosine! Sine || Cosine | SINE ‘ 
48° 47° 46° 45° 


552 
0° 
4 SEc. Co-sEc. 
olr Infinite. 
Kap x 3437-70 
2) 1718.90 
Si = 1145.90 
4)\1 850.44 
§ |i 687.55 
Coe 3 572.00 
Fhe 4O1-1L 
ou x 420-72 
9|1r 381.07 
ro | 1 343-77 
ani} = 312.52 
12 |, 2 280.48 
13 | 1 204.44 
14 |. 245.55 
TS x 229018 
16 | 1 214.86 
17 | 1 202.22 
| 1 190.09 
19 | I 180.73 
20 | 1 171.89 
2n | fT 163.70 
22: |} 5 156.26 
23/1 149.47 
24 |1 143.24 
25 |r 137-51 
26/1 132.22 
a7 x 127-32 
28]. 122.78 
29 |1 118.54 
30; tr 114-59 
ar || x 110.90 
Saul 3 107.43 
Sane 104.17 
34 | 1 IOM.IL 
35) x 05-223 
30 | 1 95-405 
Bae 92-014 
38 | 1.0001 92.469 
30 | I.000r 88.1490 
40 | 1.0001 85.946 
4 | 1.0001 83.849 
42 | 1.0001 81.853 
43 | 1.0001 70.950 
44 | 1.0001 78.133 
45 | 1.0001 76.300 
40 | 1.0001 74-736 
47 | 1.0001 73-140 
48 | 1.0001 71.622 
49 | 1.c0oor 71.160 
50 | 1.0001 68.757 
§t | I.000r 67.409 
52 | 1.0001 66.113 
53 | I.000r 64.866 
54 | I.00or 63.664 
55 | I.coor 62.507 
56 | 1.0001 61.301 
57 | 1.0001 61.314 
58 | 1.00or 50.274 
59 | 1.0001 58.270 
1.0001 57-200 
’ | Co-sEc. - Sec. 


NATURAL SECANTS AND CO-SECANTS 


V4 


Co-sEc, 


28.654 
28.417 
28.184 
27.055 
27.730 
27.508 
27.290 
27.075 
26.804 
26.655 
20.450 


26.240 
26.050 
25.854 
25.001 
25.471 
25.284 
25.100 
24.9018 
24-739 
24.502 
24.358 
24.216 
24.047 
23.880 
23-716 
23-553 
23-393 
23-235 
23-079 
22.925 
22.774 
22.624 
22.470 
22.330 
22.186 
22.044 
21.904 
21.765 
21.629 


21.404 | 


21.360 
21.228 
21.008 
20.970 
20.843 
20.717 
20.503 
20.471 
20.350 
20.230 


20.112 
19-005 
19.880 
10.766 
19.653 
19.541 


3° 
| Sec. | Co-sec. 
1.0014 | 19-107 
1.0014 | 19.002 
1.0014 | 18.897 
1.0014 | 18.704 
1.0014 | 18.692 
1.0014 | 18.590 
r.0oors | 18.491 
1.0015 | 18.393 
1.0015 | 18.295 
1.0015 | 18.108 
1.0015 | 18.103 
1.0015 | 18.008 
1.0016 | 17.014 
1.0016 | 17.821 
1.0016 | 17.730 
1.0016 | 17.639 
1.0016 | 17.549 
1.0016 | 17.460 
1.0017 | 17.372 
1.0017 | 17.285 
1.0017 | 17-198 
1.0017 | 17-113 
1.0017 | 17.028 
1.0017 | 10.944 
1.0018 | 16.861 
1.0018 | 16.770 
1.0018 | 16.698 
1.0018 | 16.617 
1.0018 | 16.538 
1.0018 | 16.450 
1.0019 | 16.380 
1.0019 | 16.303 
1.0019 | 16.226 
1.0019 | 16.150 
1.0019 | 16.075 
1.co19g | 16.000 
1.0020 | 15.926 
1.0020 | 15.853 
1.0020 | 15.780 
1.0020 | 15.708 
1.0020 | 15.637 
1.0021 | 15.566 
1.0021 | 15.496 
1.0021 | 15.427 | 
L.002t | 15.358 
1.0021 | 15.2090 
1.0022 | 15.222 
1.0022 | 15.155 
1.0022 | 15.089 
1.0022 | 15.023 
1.0022 | 14.058 
1.0023 | 14.803 
1.0023 | 14.820 
1.0023 | 14.765 
1,0023 | 14.702 
1.0023 | 14.640 
1.0024 | 14.578 
14-517 
14-456 
14.305 
14.335 
Src. 


beetras pace 


NATURAL SECANTS AND CO-SECANTS 


553 


4° 5° 6° Os 
’ | Sec. |Co-sec.|| Src. | Co-snc. Src. | Co-src}| Src. | Co-src.| ” 
© | 1.0024 | 14.335 |) 1.0038 | 11.474 1.0055 | 9.5668 |} 1.0075 | 8.2055 | 60 
1 | 1.0025 } 14.276 |} 1.0038 | 11.436 1.0055 | 9-5404 || 1.0075 | 8.1861 | 59 
2 | 1.0025 | 14.217 || 1.0039 | 11.308 1.0056 | 9.5141 |] 1.0076 | 8.1668 | 58 
3 | 1.0025 | 14.159 || 1.0039 | 11.360 1.0056 | 9.4880 || 1.0076 | 8.147 57 
4 | ¥.0025 | 14.101 || 1.0039 | 11.323 1.0056 | 9.4620 || 1.0076 | 8.1285 | 56 
5 | 1.0025 | 14.043 || 1.0039 | 11.286 1.0057 | 9.4362 || 1.0077 | 8.1004 | 55 
6 | 1.0026 | 13.986 |} 1.0040 | 11.240 1.0057 | 9.4105 || 1.0077 | 8.0905 | 54 
7 | 1.0026 | 13.930 |} 1.0040 | 11.213 1.0057 | 9.3850 || 1.0078 | 8.0717 | 53 
8 | 1.0026 | 13.874 || 1.0040 | 11.176 1.0057 | 9.3596 || 1.0078 | 8.0520 | 52 
9 | 1.0026 | 13.818 |] 1.0040 | 11.140 1.0058 | 9.3343 |] 1.0078 | 8.0342 | 51 
Io | 1.0026 | 13.763 || 1.0041 | II.104 1.0058 | 9.3002 || 1.0079 | 8.0156 | so 
Ir | 1.0027 } 13.708 || r.co4t | 11.069 1.0058 | 9.2842 || 1.0079 | 7.90971 | 490 
12 | 1.0027 } 13.654 || I.oo4t | 11.033 1.0059 | 9-2593 || 1.0079 | 7.0787 | 48 
13 | 1.0027 | 13.600 |} 1.0041 | 10.988 1.0059 | 9.2346 |} 1.0080 | 7.9604 | 47 
14 | 1.0027 | 13.547 || I.0042 | 10.963 1.0059 | 9.2100 |} 1.0080 | 7.0421 | 46 
I5 | 1.0027 | 13.494 || 1.0042 | 10.920 1.0060 | 9.1855 || 1.0080 | 7.9240 | 45 
16 | 1.0028 | 13.441 || 10042 | 10.804 1.0060 | 9.1612 || 1.0081 | 7.9959 | 44 
17 | 1.0028 | 13.389 || 1.0043 | 10.860 1.0060 | 9.1370 |] 1.0081 | 7.8879 | 43 
18 | 1.0028 | 13.337 || 1.0043 | 10.826 1.0061 | 9.1129 || 1.0082 | 7.8700 | 42 
I9 | 1.0028 | 13.286 || 1.0043 | 10.792 1.0061 | 9.0890 || 1.0082 | 7.8522 | 41 
20 | 1.0029 | 13.235 |} 1.0043 | 10.758 1.0061 | 9.0651 || 1.0082 | 7.8344 | 40 
21 | 1.0029 | 13.184 || 1.0044 | 10.725 1.0062 | 9.0414 || 1.0083 | 7.8168 | 30 
22 | 1.0029 | 13.134 || 1.0044 | 10.6092 10062 | 9.0179 || 1.0083 | 7-7002 | 38 
23 | 1.0029 | 13.084 || 1.0044 | 10.659 1.0062 | 8.9944 || 1.0084 | 7-7817 | 37 
24 | 1.0029 | 13.034 || 1.0044 | 10.626 1.0063 | 8.9711 || 1.0084 | 7:7642 | 36 
25 | 1.0030 | 12.985 || 1.0045 | 10.503 1.0063 | 8.9479 || 1.0084 | 7.7460 | 35 
26 | 1.0030 | 12.937 || 1.0045 | 10.561 1.0063 | 8.9248 || 1.0085 | 7.7206 | 34 
27 | 1.0030 | 12.888 || 1.0045 | 10.520 1.0064 | 8.9018 || 1.0085 ] 7-7124 | 33 
28 | 1.0030 | 12.840 || 1.0046 | 10.407 1.0064 | 8.8790 || 1.0085 | 7.6053 | 32 
29 | 1.0031 | 12.793 || 1.0046 | 10.465 1.0064 | 8.8563 || 1.0086 | 7.6783 | 31 
30 | 1.0031 | 12.745 || 1.0046 | 10.433 1.0065 | 8.8337 || 1.0086 | 7.6613 | 30 
31 | 1.0031 | 12.608 || 1.0046 | 10.402 1.0065 | 8.8112 || 1.0087 | 7.6444 | 20 
32 } 1.0031 | 12.652 || 1.0047 | 10.371 1.0065 | 8.7888 |] 1.0087 | 7.6276 | 28 
33 | 1.0032 | 12.606 || 1.0047 | 10.340 1.0066 | 8.7665 |} 1.0087 | 7.6108 | 27 
34 | 1.0032 | 12.560 || 1.0047 | 10.300 1.0066 | 8.7444 || 1.0088 | 7.5042 | 26 
35 | 1.0032 | 12.514 |] 1.0048 | 10.278 1.0066 | 8.7223 || 1.0088 | 7.5776 | 25 
35 | 1.0032 | 12.469 || 1.0048 | 10.248 1.0067 | 8.7004 |] 1.0089 | 7.5611 | 24 
37 | 1.0032 | 12.424 || 1.0048 | 10.217 1.0067 | 8.6786 |] 1.0089 | 7.5446 | 23 
38 | 1.0033 | 12.379 || 1.0048 | 10.187 1.0067 | 8.6569 |] 1.0089 | 7.5282 | 22 
39 | 1.0033 | 12.335 || 1.0049 | 10-157 1.0068 | 8.6353 || I.0090 | 7.5119 | 21 
4° | 1.0033 | 12.291 1.0049 | 10.127 1.0068 | 8.6138 ||} I’0090 | 7-4957 | 20 
41 | 1.0033 | 12.248 |} 1.0049 | 10.008 1.0068 | 8.5924 || I.co90 | 7.4795 | 19 
42 | 1.0034 | 12.204 || 1.0050 | 10.068 1.0069 | 8.5711 || 1.0001 | 7-4034 | 18 
43 | 1.0034 | 12.161 I.0050 | 10.039 1.0069 | 8.5409 || I-co9r | 7-4474 | 17 
44 | 1.0034 | 12.118 || 1.0050 | 10.010 1.0069 | 8.5289 || 1.0092 | 7-4315 | 16 
45 | 1.0034 | 12.076 || I.0050 9.9812 || 1.0070 | 8.5070 |} 1.0002 | 7.4156 | 15 
46 | 1.0035 | 12.034 || 1-0051 9.9525 || 1.0070 | 8.4871 |] 1.0092 | 7.3008 | 14 
47 | 1.0035 | 11.992 I.005T 9.92309 || 1.0070 | 8.4663 || 1.0093 | 7.3840 | 13 
48 | 1.0035 | 11.950 || f.0o51 9.8955 || 1.0071 | 8.4457 |] 1.0003 | 7-3683 | 12 
49 | 1.0035 | 11.909 || 1.0052 9.8672 || 1.0071 | 8.4251 || 1.0004 | 7.3527 | I 
50 | 1.0036 | 11.868 || 1.0052 9.8391 || 1.0071 | 8.4046 || 1.0004 | 7-3372 | 10 
51 | 1.0036 | 11.828 |} 1.0052 9.8112 || 1.0072. | 8.3843 |] 1.0004 | 7.3217 9 
52 | 1.0036 | 11.787 || 1.0053 | 9.7834 || 1.0072 | 8.3640 || 1.0005 | 7.3063 | 8 
53 | 1.0036 | 11.747 || 1.0053 | 9.7558 || 1.0073 | 8.3430 || 1.0005 | 7-2009 | 7 
54 | 1.0037 | 11.707 || 1.0053 9-7283 || 1.0073 | 8.3238 || 1.0096 | 7.2757 6 
55 | 1.0037 | 11.668 || 1.0053 9.7010 || 1.0073 | 8.3030 || 1.0006 | 7.2604 5 
§6 | 1.0037 | 11.628 || 1.0054 9.6730 || 1.0074 | 8.2840 || 1.0097 | 7-2453 4 
57 | 1.0037 | 11.589 |] 1.0054 9.6469 || 1.0074 | 8.2642 |} 1.0007 | 7.2302 3 
58 | 1.0038 | 11.550 || 1.0054 9.6200 || 1.0074 | 8.2446 || 1.0007 | 7.2152 2 
59 | 1.0038 | rr.512 || 1.0055 9-5933 || 1.0075 | 8.2250 || 1.0008 | 7.2002 I 
60 | 1.0038 | 11.474 || 1.0055 9.5668 || 1.0075 | 8.2055 || 1.0008 | 7.1853 fe) 
‘ | Co-src. Co-sEc. Sec. ||Co-src.! Src. |}Co-sec.| Sec. | ’ 
85° 4° 83° g2° 


554 


NATURAL SECANTS AND CO-SECANTS 
1° 


5.2408 
5.2330 
5.2252 
5+2174 
5.2007 
5.20190 
5-1042 
5.1865 
5.1758 
Oo Bes 
5.1036 
5.1560 
5.1484 
5.1400 
5-1333 
5.1258 
5.1183 
5-1109 
5.1034 
5.0960 
5.0886 
5.0812 
5:0739 
5.0606 
§.0593 
5.0520 
5.0447 
5 9375 
5.0302 
§.0230 
5.0158 
5.0087 
5.0015 
4.0044 
4.0873 
4.9802 
4.9732 
4.9061 
4.0501 
40521 
4-0452 
4.9382 
4-9313 
4.0243 
49175 
4.9106 
40037 
4.8969 

4.8901 

4.8333 

4.8705 

4.8697 

4-8630 

4.8563 

4.8400 

4.8420 

4.8362 

4.82096 

4.8220 

4.8163 

4-8007 


Sec. 


Co-sEc. 


Leechs es ce 


. 


i" 
OS Gr dU bwW HHO | s 


NATURAL SECANTS AND CO-SECANTS 555 
12° 132 14° 15° 
Src. |Co-sec.|| Src. | Co-sec.|| Sec. |Co-sic.|| Src. | Co-sec.| ’ 
4 

1.0223 | 4.8097 |} 1.0263 | 4.4454 || 1.0306 | 4.1336 || 1.0353 | 3.8637 | 60 
1.0224 | 4.8032 || 1.0264 | 4.4308 |} 1.0307 | 4.1287 |] 1.0353 | 3.8505 | 50 
1.0225 | 4.7906 || 1.0264 | 4:4342 || 1.0308 | 4.1239 |] 1.0354 | 3.8553 | 58 
1.0225 | 4.7901 || 1.0265 | 4.4287 || 1.0308 | 4.1191 || 1.0355 | 3-8512 | 57 
1.0226 | 4.7835 || 1.0266 | 4.4231 || 1-0309 | 4.1144 |] 1.0356 | 3.8470 | 56 
1.0226 | 4.7770 || 1.0266 | 4.4176 || 1.0310 | 4.1096 || 1.0357 | 3.8428 | 55 
1.0227 | 4.7706 || 1.0267 | 4.4121 || 1.0311 | 4.1048 || 1.0358 | 3.8387 | 54 
1.0228 | 4.7641 || 1.0268 | 4.4065 || 1.0311 | 4.1001 |] 1.0358 | 3.8346 | 53 
1.0228 | 4.7576 || 1.0268 | 4.4011 ||. 1.0312 | 4.0953 || 1.0359 | 3-8304 | 52 
1.0229 | 4.7512 || 1.0269 | 4.3956 || 1.0313 | 4.0906 || 1.0360 | 3.8263 | 51 
1.0230 | 4.7448 || 1.0270 | 4.3910 || 1.0314 | 4.0859 || 1.0361 | 3.8222 | 50 
1.0230 | 4.7384 || 1-0271 | 4.3847 || 1.0314 | 4.0812 || 1.0362 | 3.8181 | 40 
1.0231 | 4.7320 || 1.0271 | 4.3792 || 1.0315 | 4.0765 || 1.0362 | 3.8140 | 48 
¥.0232 | 4.7257 || 1.0272 | 4.3738 || 1.0316 | 4.0718 || 1.0363 47 
1.0232 | 4.7103 || 1.0273 | 4.3684 || 1.0317 | 4.0672 || 1.0364 46 
1.0233 | 4-7130 || 1.0273 | 4.3630 || 1.0317 | 4.0625 || 1.0365 45 
1.0234 | 4.7067 |} 1.0274 | 4.3576 || 1.0318 | 4.0579 || 1.0366 44 
1.0234 | 4.7004 || 1.0275 | 4.3522 || 1.0319 | 4.0532 || 1.0367 43 
1.0235 | 4.6942 || 1.0276 | 4.3460 || 1.0320 | 4.0486 || 1.0367 42 
1.0235 | 4.6879 || 1.0276 | 4.3415 || 1.0320 | 4.0440 || 1.0368 4t 
1.0236 | 4.6817 || 1.0277 | 4.3362 || 1.0321 | 4.0304 || 1.0360 4o 
1.0237 | 4.6754 || 1.0278 | 4.33009 || 1.0322 | 4.0348 || 1.0370 39 
1.0237 | 4.6692 || 1.0278 | 4.3256 || 1.0323 | 4.0302 || 1.0371 38 
1.0238 | 4.6631 || 1.0279 | 4.3203 || 1.0323 | 4.0256 || 1.0371 37 
1.0239 | 4.6569 || 1.0280 | 4.3150 || 1.0324 | 4.0211 || 1.0372 36 
1.0239 | 4.6507 |} 1.0280 | 4.3098 || 1.0325 | 4.0165 |] 1.0373 35 
1.0240 | 4.6446 |} 1.0281 | 4.3045 || 1.0320 | 4.0120 || 1.0374 34 
1.0241 | 4.6385 || 1.0282 | 4.2093 |] 1.0327 | 4.0074 |} 1.0375 33 
1.0241 | 4.6324 || 1.0283 | 4.2041 1.0327 | 4.0029 || 1.0376 32 
1.0242 | 4.6263 |] 1.0283 | 4.2888 || 1.0328 | 3.0084 || 1.0376 3r 
1.0243 | 4.6202 || 1.0284 | 4.2836 || 1.0329 | 3.9930 || 1.0377 30 
1.0243 | 4.6142 || 1.0285 | 4.2785 || 1.0330 | 3-9804 || 1.0378 20 
1.0244 | 4.6081 || 1.0285 | 4.2733 || 1.0330 | 3-9850 || 1.0370 28 
1.0245 | 4.6021 || 1.0286 | 4.2681 || 1.0331 | 3-9805 || 1.0380 27 
1.0245 | 4.5961 || 1.0287 | 4.2630 |} 1.0332 | 3.9760 || 1.0381 26 
1.0246 | 4.5901 || 1.0288 | 4.2579 |] 1.0333 | 3-0716 |] 1.0382 25 
1.0247 | 4.5841 || 1.0288 | 4.2527 || 1.0334 | 3.9672 || 1.0382 24 
1.0247 | 4.5782 || 1.0289 | 4.2476 || 1.0334 | 3.9627 || 1.0383 23 
1.0248 | 4.5722 || 1.0290 | 4.2425 || 1.0335 | 3.9583 || 1.0384 22 
1.0249 | 4.5663 || 1.0291 | 4.2375 || 1.0336 | 3.0530 || 1.0385 2r 
1.0249 | 4.5604 || 1.0291 | 4.2324 || 1.0337 | 3.0405 || 1.0386 } 20 
1.0250 | 4.5545 || 1.0202 | 4.2273 || 1.0338 | 3.9451 || 1.0387 19 
1.0251 | 4.5486 || 1.0293 | 4.2223 || 1.0338 | 3.9408 || 1.0387 18 
1.0251 | 4.5428 |} 1.0293 | 4.2173 || 1.0330 | 3.9364 || 1.0388 17 
I.0252 | 4.5369 || 1.0204 | 4.2122 || 1.0340 | 3.9320 || 1.0380 16 
1.0253 | 4.5311 || 1.02905 | 4.2072 || 1.0341" |] 3.9277 || 1.0390 15 
1.0253 | 4.5253 || 1.0296 | 4.2022 || 1.0341 | 3.9234 || 1.0301 14 
1.0254 | 4.5195 |] 1.0296 | 4.1972 || 1.0342 | 3.9109 || 1.0302 13 
1.0255 | 4.5137 || 1-0297 | 4.1023 || 1.0343 | 3.0147 || 1.0303 12 
1.0255 | 4-5079 || 1.0298 | 4.1873 || 1.0344 | 3.0104 || 1.0393 It 
1.0256 | 4.5021 1.0299 | 4.1824 || 1.0345 | 3.9061 || 1.0304 B fo) 
1.0257 | 4.4964 || 1.0209 | 4.1774 || 1.0345 | 3.9018 |] 1.0305 | 3.6614 9 
1.0257 | 4.4007 || 1.0300 | 4.1725 || 1.0346 | 3.8976 || 1.0306 | 3.6576 8 
1.0258 | 4.4850 || 1.0301 | 4.1676 || 1.0347 | 3.8033 || 1.0307 | 3-6530 7 
1.0259 | 4.4793 || 1.0302 | 4.1627 || 1.0348 | 3.8990 || 1.0308 | 3.6502 6 
1.0260 | 4.47306 || 1.0302 | 4.1578 || 1.0349 | 3.8848 || 1.0309 | 3.6464 5 
1.0260 | 4.4679 || 1.0303 | 4.1529 || 1.0349 | 3.8805 || 1.0399 | 3.6427 4 
1.0261 | 4.4623 || 1.0304 | 4.1481 || 1.0350 | 3.8763 || 1.0400 | 3.6390 3 
1.0262 | 4.4560 || 1.0305 | 4.1432 || 1.0351 | 3-8721 || 1.0401 | 3.6353 2 
1.0262 | 4.4510 || 1.0305 | 4.1384 || 1.0352 | 3.8670 || 1.0402 | 3.6316 t 
1.0263 | 4.4454 || 1.0306 41330 | 1.0353 | 3-8637 || 1.0403 | 3.6270 ° 
Co-sec.! Src. ||Co-sec.! Src. ||Co-sec.! Sec. |/Co-sec.! Src. 4 

77° 76° 15° 1 


556 NATURAL SECANTS AND CO-SECANTS 
16° nl 18° 
’ | Sec. |Co-sec.|| Sec. | Co-sEc.|| Sec. | Co-sec. 
© | 1.0403 | 3.6279 |] 1.0457 | 3-4203 |} 1.0515 | 3.2361 
1 | 1.0404 | 3.6243 || 1.0458 | 3.4170 || 1.0516 | 3.2332 
2 | 1.0405 | 3.6200 |} 1.0459 | 3-4138 |} 1.0517 | 3-2303 
3 | 1.0406 | 3.6169 || 1.0460 | 3-4106 || 1.0518 | 3.2274 
4 | 1.0406 | 3.6133 || 1.0461 | 3-4073 || 1.0519 | 3.2245 
5 | 1.0407 | 3.6096 |} 1.0461 | 3.4041 || 1.0520 | 3.2216 
6 | 1.0408 | 3.6060 |] 1.0462 | 3.4009 || 1.0521 | 3.2188 
7 | 1.0409 | 3.6024 || 1.0463 | 3-3077 || 1.0522 | 3.2150 
8 | 1.0410 | 3.5087 || 1.0464 | 3.3045 || 1.0523 | 3.213% 
9 | 1.0411 | 3.5051 |] 1.0465 | 3.3013 || 1.0524 | 3.2102 
1o | 1.0412 | 3.5015 || 1.0466 | 3.3881 || 1.0525 | 3.2074 
Ir | 1.0413 | 3-5870 || 1.0467 | 3.3849 || 1.0526 | 3.2045 
12 | 1.0413 | 3.5843 |} 1.0468 | 4.3817 || 1.0527 | 3-2017 
13 | 1.0414 | 3-5807 |] 1.0469 | 3.3785 || 1.0528 | 3.1080 
14 | 1.0415 | 3.5772 |] 1.0470 | 3.3754 || 1.0529 | 3-1960 
I5 | 1.0416 | 3.5736 |] 1.0471 | 3-3722 || 1.0530 | 3-1932 
16 | 1.0417 | 3-5700 |} 1.0472 | 3.3600 || 1.0531 | 3-1904 
17 | 1.0418 | 3.5665 }| 1.0473 | 3-3650 |} 1.0532 | 3.1876 
18 | 1.0419 | 3.5620 |} 1.0474 | 3.3627 || 1.0533 | 3.17848 
19 | 1.0420 | 3.5504 || 1.0475 | 3.3596 || 1.0534 | 3.1820 
20 | 1.0420 | 3.5559 || 1.0476 | 3-3565 || 1.0535 | 3-1702 
21 | 1.0421 | 3.5523 || 1.0477 | 3-334 || 1.0536 | 3.1764 
22 | 1.0422 | 3.5488 || 1.0478 | 3.3502 || 1.0537 | 3.1736 
23 | 1.0423 | 3-5453 || 1.0478 | 3-3471 || 1.0538 | 3.1708 
24 | 1.0424 | 3.5418 || 1.0479 | 3-3440 || 1.0539 | 3.1681 
25 | 1.0425 | 3-5383 || 1.0480 | 3-3400 || 1.0540 | 3.1653 
26 | 1.0426 | 3.5348 || 1.0481 | 3.3378 || 1.0541 | 3.1625 
27 | 1.0427 | 3.5313 || 1.0482 | 3-3347 || 1.0542 | 3.1508 
28 | 1.0428 | 3.52790 || 1.0483 | 3-3310 |] 1.0543 | 3-1570 
29 | 1.0428 | 3.5244 || 1.0484 | 3-3286 || 1.0544 | 3.1543 
30 | 1.0429 | 3.5209 || 1.0485 | 3.3255 || 1.0545 | 3-1515 
31 | 1.0430 | 3.5175 || 1.0486 | 3.3224 || 1.0546 | 3.1488 
32 | 1.0431 | 3-5140 || 1.0487 | 3.3104 || 1.0547 | 3-1461 
33 | 1.0432 | 3.5106 || 1.0488 | 3-3163 |} 1.0548 | 3.1433 
34 | 1-0433 | 3.5072 |} 1.0489 | 3.3133 || 1-0549 | 3-1406 
35 | 1.0434 | 3-5037 || 1-0490 | 3.3102 |] 1.0550 | 3.1370 
36 | 1.0435 | 3-5003 || 1.0491 | 3.3072 || 1.0551 | 3-1352 
37 | 1.0436 | 3.4069 || 1.0492 | 3.3042 T.0552 | 3-1325 
38 | 1.0437 | 3.4035 || 1-0493 | 3.3011 || 1.0553 | 3-1208 
39 | 1.0438 | 3.4001 || 1-0494 | 3-208r |j 1.0554 | 3.1271 
40 | 1.0438 |. 3.4867 || 1.0495 | 3-2051 || 1.0555 | 3-1244 
41 | 1.0439 | 3-4833 || 1.0496 | 3.2021 1.0556 | 3.1217 
42 | 1.0440 | 3-4799 || 1.0497 | 3.2891 |} 1.0557 | 3-1190 
43 | 1.0441 | 3-4766 || 1.0498 | 3.2861 || 1.0558 | 3.1163 
44 | 1.0442 | 3.4732 || 1.0499 | 3-2831 || 1.0550 | 3.1137 
45 | 1.0443 | 3-4608 || 1.0500 | 3.2801 || 1.0560 | 3.1110 
46 | 1.0444 | 3.4665 || 1.0501 | 3-2772 || 1.0561 | 3.1083 
47 | 1.0445 | 3-4632 || 1.0502 | 3-2742 || 1.0562 | 3.1057 
48 | 1.0446 | 3.4598 | 1.0503 | 3.2712 |) 1.0563 | 3.1030 
49 | 1.0447 | 3.4565 |] r.0504 | 3.2683 || 1.0565 | 3.1004 
50 | 1.0448 | 3.4532 |] 1.0505 | 3.2653 || 1.0566 | 3.0077 
51 | 1.0448 | 3.4408 || 1.0506 | 3.2624 || 1.0567 | 3.0051 
52 | 1.0449 | 3-4465 || 1.0507 | 3.2504 || 1.0568 | 3.0025 
53 | 1.0450 | 3-4432 || 1.0508 | 3.2565 || 1.0569 | 3.0808 
54 | 1.0451 | 3-4309 || 1.0509 | 3-2535 || 1-0570 | 3.0872 
55 | 1.0452 | 3-4366 || 1.0510 | 3.2506 || 1.0571 | 3.0846 
56 | 1.0453 | 3-4334 || 1.0511 | 3-2477 || 1.0572 | 3.0820 
57 | 1.0454 | 3-4301 || 1.0512 | 3.2448 || 1.0573 | 3.0703 
58 | 1.0455 | 3-4268 || 1.0513 | 3.2410 || 1.0574 | 3.0767 
50 | 1.0456 | 3.4236 || 1.0514 | 3-2390 || 1.0575 | 3.0741 
1.0457 | 3-4203 || 1.0515 | 3-2361 || 1.0576 | 3.0715 
’ |Co-sec.! Sec. |}/Co-sec.! Sec. ||Co-sec.! Src. 
73° 12° 72g 


19° 

Sec. | Co-sEc, 
1.0576 | 3.0715 
1.0577 | 3.0090 
1.0578 | 3.0664 
1.0579 | 3.0638 
1.0580 | 3.0612 
1.0581 | 3.0586 
1.0582 | 3.0561 
1.0584 | 3-0535 
1.0585 | 3.0509 
1.0586 | 3.0484 
1.0587 | 3.0458 
1.0588 | 3.0433 
1.0589 | 3.0407 
1.0590 | 3.0382 
I.O5901 | 3:0357 
1.0592 | 3.0331 
1.0503 | 3.0306 
1.0594 | 3.0281 
1.0505 | 3.0250 
1.0506 | 3.0231 
1.0598 | 3.0206 
1.0599 | 3.0181 
1.0600 | 3.0156 
1.0604 | 3.0131 
1.0602 | 3.0106 
1.0603 | 3.0081 
1.0604 | 3.0056 
1.0605 3.0031 
1.0606 | 3.0007 
1.0007 | 2.9082 
1.0608 | 2.9057 
1.0609 | 2.0033 
1.061r | 2. 
1.0612 | 2.9884 
1.0613 | 2.9859 
1.0614 | 2.9835 
1.0615 | 2.9810 
1.0616 | 2.9786 
1.0617 | 2.9762 
1.0618 | 2.9738 
1.0619 | 2.0713 
1.0620 | 2.9689 
1.0622 | 2.9665 
1.0623 | 2.90641 
1.0624 | 2.9617 
1.0625 | 2.0593 
1.0626 | 2.9569 
1.0627 | 2.0545 
1.0628 | 2.9521 
1.0629 | 2.0497 
1.0630 | 2.0474 
1.0632 | 2.9450 
1.0633 | 2.9426 
1.0634 | 2.9402 
1.0635 | 2.9379 
1.0636 | 2.9355 
1.0637 | 2.9332 
1.0638 | 2.9308 
1.0639 | 2.9285 
1.0641 | 2.9261 
1.0642 | 2.9238 

Co-sec.! Sec. 
70° 


NATURAL SECANTS AND CO-SECANTS 557 


| 20° Piibe 22° 23° 
“4 Sec. |Co-sec.|} Src. |Co-src.|| Src. |Co-sec.|| Src. |Co-src. | ’” 
© | 1.0642 | 2.9238 || 1.0711 | 2.7904 || 1.0785 | 2.6695 || 1.0864 | 2.5593 | 60 
I | 1.0643 | 2.9215 || 1.0713 | 2.7883 }} 1.0787 | 2.6675 || 1.0865 | 2.5575 | so 
2 | 1.0644 | 2.9101 || 1.0714 | 2.7862 || 1.0788 | 2.6656 || 1.0866 | 2.5558 | 58 
3 | 1.0645 | 2.9168 || 1.0715 | 2.7841 || 1.0789 | 2.6637 || 1.0868 | 2.5sgo | 57 
4 | 1.0646 | 2.9145 || 1.0716 | 2.7820 || 1.0790 | 2.6618 || 1.0869 | 2.5523 | 56 
5 | 1.0647 | 2.9122 || 1.0717 | 2.7790 || 1.0792 | 2.6509 || 1.0870 | 2.5506 | 55 
6 | 1.0648 | 2.9008 || 1.0719 | 2.7778 || 1.0703 | 2.6580 |] 1.0872 | 2.5488 | 54 
7 | 1.0650 | 2.9075 || 1.0720 | 2.7757 || 1.0704 | 2.6561 |} 1.0873 | 2.5471 | 53 
8 | 1.0651 | 2.9052 || 1.0721 | 2.7736 || 1.0795 | 2.6542 || 1.0874 | 2.5453 | 52 
9 | 1.0652 | 2.9029 || 1.0722 | 2.7715 || 1.0797 | 2.6523 || 1.0876 | 2.5436 | 51 
Io | 1.0653 | 2.9006 || 1.0723 | 2.7604 || 1.0708 | 2.6504 || 1.0877 | 2.5419 | 50 
Ir | 1.0654 | 2.8083 || 1.0725 | 2.7674 || 1.0700 | 2.6485 || 1.0878 | 2.5402 | 40 
I2 | 1.0655 | 2.8960 || 1.0726 | 2.7653 || 1.0801 | 2.6466 || 1.0880 | 2.5384 | 48 
13 | 1.0656 | 2.8937 || 1-0727 | 2.7632 || 1.0802 | 2.6447 || 1.0881 | 2.5367 | 47 
14 | 1.0658 | 2.8915 || 1.0728 | 2.7611 || 1.0803 | 2.6428 || 1.0882 | 2.5350 | 46 
15 | 1.0659 | 2.8892 || 1.0729 | 2.7501 || 1.0804 | 2.6410 || 1.0884 | 2.5333 | 45 
16 | 1.0660 | 2.8869 || 1.0731 | 2-7570 || 1.0806 | 2.6391 || 1.0885 | 2.5316 | 44 
17 | 1.0661 | 2.8846 || 1.0732 | 2.7550 || 1.0807 | 2.6372 |! 1.0886 | 2.5209 | 43 
18 | 1.0662 | 2.8824 || 1.0733 | 2.7529 |] 1.0808 | 2.6353 || 1.0888 | 2.5281 | 42 
19 | 1.0663 | 2.8801 || 1.0734 | 2.7500 || 1.0810 | 2.6335 || 1.0889 | 2.5264 | 41 
20 | 1.0664 | 2.8778 || 1.0736 | 2.7488 || 1.0811 | 2.6316 || 1.0891 | 2.5247 | 4o 
21 | 1.0666 | 2.8756 || 1.0737 | 2.7468 || 1.0812 | 2.6207 || 1.0892 | 2.5230 | 30 


22 | 1.0667 | 2.8733 || 1.0738 | 2.7447 || 1.0813 | 2.6279 || 1.0893 | 2.5213 | 38 
23 | 1.0668 | 2.8711 || 1.0739 | 2-7427 || 1.0815 | 2.6260 || 1.0895 | 2.5106 | 37 
24 | 1.0669 | 2.8688 || 1.0740 | 2.7406 || 1.0816 | 2.6242 || 1.0806 | 2.5179 | 36 
25 | 1.0670 | 2.8666 || 1.0742 | 2.7386 || 1.0817 | 2.6223 || 1.0807 | 2.5163 | 35 
26 | 1.0671 | 2.8644 || 1.0743 | 2.7366 || 1.0819 | 2.6205 || 1.0899 | 2.5146 | 34 
27 | 1.0673 | 2.8621 || 1.0744 | 2.7346 || 1.0820 | 2.6186 || 1.0900 | 2.5129 | 33 
28 | 1.0674 | 2.8590 || 1.0745 | 2.7325 || 1.0821 | 2.6168 || 1.0902 | 2.5112 | 32 
29 | 1.0675 | 2.8577 || 1.0747 | 2-7305 || 1.0823 | 2.6150 |} 1.0903 | 2.5005 | 31 
30 | 1.0676 | 2.8554 || 1.0748 | 2.7285 || 1.0824 | 2.6131 || 1.0904 | 2.5078 | 30 
31 | 1.0677 | 2.8532 || 1.0749 | 2.7265 || 1.0825 | 2.6113 || 1.0906 | 2.5062 | 20 
32*| 1.0678 | 2.8510 || 1.0750 | 2.7245 }| 1.0826 | 2.6095 || 1.0907 | 2.5045 | 28 
33 | 1.0679 | 2.8488 || 1.0751 | 2.7225 || 1.0828 | 2.6076 || 1.0908 | 2.5028 | 27 
34 | 1.0681 | 2.8466 || 1.0753 | 2.7205 || 1.0829 | 2.6058 || t.0910 | 2.5011 | 26 
35 | 1.0682 | 2.8444 || 1.0754 | 2.7185 || 1.0830 | 2.6040 || 1.0911 | 2.4005 | 25 
36 | 1.0683 | 2.8422 || 1.0755 | 2.7165 || 1.0832 | 2.6022 || 1.0913 | 2.4978 | 24 
37 | 1.0684 | 2.8400 || 1.0756 | 2.7145 || 1.0833 | 2.6003 || 1.0914 | 2.4961 | 23 
38 | 1.0685 | 2.8378 || 1.0758 | 2.7125 |] 1.0834 | 2.5085 || 1.0015 | 2.4045 | 22 
39 | 1.0686 | 2.8356 || 1.0759 | 2.7105 || 1.0836 | 2.5067 || 1.0917 | 2.4928 | 21 
40 | 1.0688 | 2.8334 || 1.0760 | 2.7085 || 1.0837 | 2.5049 || 1.0918 | 2.4912 | 20 


41 | 1.0689 | 2.8312 || 1.0761 | 2.7065 || 1.0838 | 2.5931 || 1.0920 | 2.4895 | 10 
42 | 1.0690 | 2.8290 || 1.0763 | 2.7045 || 1.0840 | 2.5913 || 1.0921 | 2.4870 | 18 
43 | 1.0691 | 2.8269 || 1.0764 | 2.7026 || 1.0841 | 2.5805 || 1.0922 | 2.4862 | 17 
44 | 1.0692 | 2.8247 || 1.0765 | 2.7006 || 1.0842 | 2.5877 || 1.0924 | 2.4846 | 16 
45 | 1.0694 | 2.8225 || 1.0766 | 2.6986 || 1.0844 | 2.5850 || 1.0925 | 2.4820 | 15 
46 | 1.0695 | 2.8204 || 1.0768 | 2.6967 || 1.0845 | 2.5841 || 1.0927 | 2.4813 | 14 
47 | 1.0606 | 2.8182 || 1.0769 | 2.6947 || 1.0846 | 2.5823 || 1.0928 | 2.4707 | 13 
48 | 1.0697 | 2.8160 |} 1.0770 | 2.6927 |} 1.0847 | 2.5805 || 1.0929 | 2.4780 | 12 
49 | 1.0698 | 2.8139 |} 1.0771 | 2.6908 || 1.0849 | 2.5787 || 1.0031 | 2-4764 | I1 
§0 |- 1.0699 | 2.8117 || 1.0773 | 2.6888 || 1.0850 | 2.5770 || 1.0932 | 2.4748 | Io 


51 | r.0701 | 2.8006 || 1.0774 | 2.6860 || r.0851 | 2.5752 || 1.0934 | 2.4731 
52 | 1.0702 | 2.8074 || 1.0775 | 2.6849 || 1.0853 | 2.5734 || 1.0035 | 2-4715 
53 | 1.0703 | 2.8053 || 1.0776 | 2.6830 || 1.0854 | 2.5716 || 1.0936 | 2.4609 
54 | 1.0704 | 2.8032 || 1.0778 | 2.6810 || 1.0855 | 2-5600 || 1.0938 | 2.4683 
55 | 1.0705 | 2.8010 || 1.0779 | 2.6791 || 1.0857 | 2.5681 || 1.0939 | 2.4666 
56 | 1.0707 | 2.7989 || 1.0780 | 2.6772 || 1.0858 | 2.5663 || 1.0941 | 2.4650 
57 | 1.0708 | 2.7968 || 1.0781 | 2.6752 || 1.0859 | 2.5646 || 1.0042 | 2.4634 
58 | 1.0709 | 2.7047 || 1.0783 | 2.6733 |] 1.0861 | 2.5628 || 1.09043 | 2.4618 
59 | 1.0710 | 2.7925 || 1.0784 | 2.6714 || 1.0862 | 2.5610 || 1.0945 | 2.4602 
60 | 1.0711 | 2.7904 || 1.0785 | 2.6695 || 1.0864 | 2.5503 || 1.0046 | 2.4586 


OnNWAN AN OO 


| 


- 


’ 1Co-sec.| Src. |/Co-sec.| Src. ||Co-sec.| Src. |}Co-sEc. 


69° 68° 67° 66° 


558 


24° 25° 

2 Sec. | Co-sec.|} Sec. | Co-sec. 
© | 1.0946 | 2.4586 || 1.1034 | 2.3662 
1 | 1.0948 | 2.4570 || 1.1035 | 2.3647 
2 1.0049 | 2.4554 |] 1.1037 | 2.3632 
3 | 1.0951 | 2.4538 || 1.1038 | 2.3618 
4 | 1.0952 | 2.4522 || 1.1040 | 223603 
5 | 1.0953 | 2.4506 |} 1.1041 | 2.3588 
6 | 1.0955 | 2.4490 || 1.1043 | 2.3574 
7 | 1.0956 | 2.4474 || 1.1044 | 2.3550 
8 | 1.0958 | 2.4458 || 1.1046 | 2.3544 
9 | 1.0950 | 2.4442 || 1.1047 | 2.3530 
Io | 1.0961 | 2.4426 || 1.1049 | 2.3515 
II | 1.0962 | 2.4411 || 1.1050 | 2.3501 
12 | 1.0963 | 2.4305 |} 1-1052 | 2.3486 
13 | 1.0965 | 2.4379 || 1.1053 | 2.3472 
14 | 1.0966 | 2.4363 || 1.1055 | 2.3457 
15 | 1.0968 | 2.4347 || 1.1056 | 2.3443 
16 | 1.0969 | 2.4332 || t-1058 | 2.3428 
17 | 1.0971 | 2.4316 |] 1.1059 | 2.3414 
18 | 1.09072 | 2.4300 || 1.1061 | 2.3309 
19 | 1.0973 | 2.4285 |! 1.1062 | 2.3385 
20 | 1.0075 | 2.4260 || 1.1064 | 2.3371 
21 | 1.0976 | 2.4254 || 1.1065 | 2.3356 
22 | 1.0978 | 2.4238 |] 1.1067 | 2.3342 
23 | 1.0079 | 2.4222 || 1.1068 | 2.3328 
24 | 1.0081 | 2.4207 || 1.1070 | 2.3313 
25 | 1.0082 | 2.4191 || 1.1072 | 2.3209 
26 | 1.0084 | 2.4176 || 1.1073 | 2.3285 
27 | 1.0085 | 2.4160 |] 1.1075 | 2.3271 
28 | 1.0086 | 2.4145 || 1.1076 | 2.3256 
29 | 1.09088 | 2.4130 || 1.1078 | 2.3242 
30 | 1.0089 | 2.4114 |] T.1079 | 2.3228 
31 | 1.0091 | 2.4099 || 1.1081 | 2.3214 
32 | 1.0992 | 2.4083 || 1.1082 | 2.3200 
33 | 1.0904 | 2.4068 || 1.1084 | 2.3186 
34 | 1.09095 | 2.4053 || 1.1085 | 2.3172 
35 | ¥.0007 | 2.4037 |} 1.1087 | 2.3158 
36 | 1.0008 | 2.4022 || 1.1088 | 2.3143 
37 | 1.1000 | 2.4007 |} 1.1090 | 2.3129 
38 | 1-1001 | 2.3002 |} T-1092 | 2.3115 
39 | 1.1003 | 2.3076 || 1.1093 | 2.3101 
40 | 1.1004 | 2.3961 || 1.1095 | 2.3087 
41 | x.t005 | 2.3046 || 1.1096 | 2.3073 
42 | 1.1007 | 2.3931 || 1.1098 | 2.3059 
43 | 1-1008 | 2.3916 I.1099 | 2.3046 
44 | 1.1010 | 2.3901 || r.1t101 | 2.3032 
45 | r.totr | 2.3886 || r.1102 | 2.3018 
46 | 1.1013 | 2.3871 || 1.1104 | 2.3004 
47 | 1-104 | 2.3856 |) 1.1106 | 2.2990 
48 | 1.1016 | 2.3841 || 1.1107 | 2.2976 
49 | 1.1017 | 2.3826 || r-1109 | 2.2962 
$0 | 1.1019 | 2.3814 || 1.1110 | 2.2049 
5i | 1.1020 | 2.3706 || 1.1112 | 2.2035 
§2 | ‘x.1022 | 2.3781 || 1.1113 | 2.2921 
53 | 1.1023 | 2.3766 || 1.1115 | 2.2907 
54 | 1.1025 | 2.3751 1.1116 | 2.2804 
55 | 1.1026 | 2.3736 || 1.1118 | 2.2880 
56 | 1.1028 | 2.3721 1.1120 
57 | 1.1029 | 2.3706 || 1.1121 
58 | 1.1031 | 2.3601 || 1.1123 
59 | 1.1032 | 2.3677 || 1.1124 

1.1034 | 2.3662 | 1.1126 
’ |Co-sec.! Sec. | Co-sEc. 


NATURAL SECANTS AND CO-SECANTS 


65° 


26° 

Src. | Co-sEc. 
T.1126 | 2.2812 
1.1127 | 2.2708 
1.1129 | 2.2784 
D-I1Z3I | 2.2771 
1.1132 | 2.2757 
1.1134 | 2.2744 
1.1135 | 2.2730 
1.1137 | 2.2717 
1.1139 | 2.2703 
I.t140 | 2.2690 
1.1142 | 2.2676 
1.1143 | 2.2663 
1.1145 | 2-2650 
1.1147 | 2.2636 
1.1148 | 2 2623 
I.tI50 | 2.2610 
I.It51 | 2.2506 
I.I153 | 2-2583 
1.1155 | 2.2570 
1.1156 | 2.2556 
1.1158 | 2.2543 
1.1159 | 2.2530 
1.1161 | 2.2517 
1.1163 | 2.2503 
1.1164 | 2.2490 
1.1166 | 2.2477 
1.1167 | 2.2464 
I.1169 | 2.2451 
1.1171 | 2.2438 
1.1172 | 2.2425 
1.1174 | 2.2411 
1.1176 | 2.2308 
1.1177 | 2.2385 
1.1179 | 2.2372 
1.1180 | 2.2350 
1,1182 | 2.2340 
1.1184 | 2.2333 
1.1185 | 2.2320 
1.1187 | 2.2307 
1.1189 | 2.2204 
1.1190 | 2.2282 
T-1192 | 2.2260 
1.1193 | 2-2256 
I.-119§ | 2.2243 
1.1197 | 2.2230 
1.1198 | 2.2217 
1.1200 | 2.2204 
1.1202 | 2.2192 
1.1203 | 2.2170 
1.1205 | 2.2166 
1.1207 | 2-2153 
1.1208 | 2.2141 
1.1210 | 2.2128 
1.1212 | 2.2115 
1.1213 | 2.2103 
I.121§ | 2.8090 

2.2077 

2.2065 

2.2052 

2.2030 

2.2027 


27° 
Sec. | Co-sec. 
1.1223 | 2.2027 
1.1225 | 2.2014 
1.1226 | 2.2002 
1.1228 | 2.1989 
1.1230 | 2.1977 
1.1231 | 2.1964 
1.1233 | 2.1952 
1.1235 | 2-1939 
1.1237 | 2.1927 
1.1238 | 2.1914 
1.1240 | 2.1902 
1.1242 | 2.1889 
1.1243 | 2.1877 
1.1245 | 2.1865 
1.1247 | 2.1852 
1.1248 | 2.1840 
1.1250 | 2.1828 
1.1252 | 2.1815 
1.1253 | 2.1803 
I.1255 | 2.1791 
1.1257 | 2.1778 
1.1258 | 2.1766 
1.1260 | 2.1754 
1.1262 | 2.1742 
1.1264 | 2.1730 
1.1265 | 2.1717 
1.1267 | 2.1705 
1.1269 | 2.1603 
1.1270 | 2.1681 
1.1272 | 2.1660 
1.1274 | 2.1657 
1.1275 | 2.1645 
1.1277 | 2-1633 
1.1279 | 2.1620 
1.1281 | 2.1608 
1.1282 | 2.1506 
1.1284 | 2.1584 
1.1286 | 2.1572 
1.1287 | 2.1560 
1.1289 | 2.1548 
1.1291 | 2.1536 
1.1293 | 2.1525 
1.1294 | 2.1513 
1.1290 | 2.1501 
1.1298 | 2.1489 
1.1290 | 2.1477 
I.1Z0L | 2.1465 
1.1303 | 2-1453 
1.1305 | 2.1441 
1.13060 | 2.1430 
1.1308 | 2.1418. 
I.1310 | 2.1406 
1.1312 | 2.1304 
1.1313 | 2.1382 
1.1315 | 2.137% 
3.1317 | 2.1350 
2.1347 
2.1335 
2.1324 
2.1312 
2.1300 
Src. 
o 


itntada cues 


28° 
’ | Sec. | Co-src. 
o | 1.1326 | 2.1300 
I | 1.1327 | 2.1289 
2 | 1.1329 | 2.1277 
3 | I-1331 | 2.1206 
4 | 1.2333 | 2-1254 
5 | 31-1334 | 2-1242 
6 | 1.1336 | 2.1231 
7 | 1.1338 | 2.1210 
8 | 1.1340 | 2.1208 
9 | 1.1341 | 2.1106 
ro | 1.1343 | 2.1185 
II | 1.1345 | 2-I1173 
12 1.1347 | 2.1162 
13 | 1-1349 | 2.1150 
14 | 1.1350 | 2-1139 
SR |) tetasa) |) 2.027, 
16 | 1.1354 | 2-1116 
17 | 1.1356 | 2.1104 
18 | 1.1357 | 2.1093 
19 | 1.1359 | 2.1082 
20 | 1.1361 | 2.1070 
21 | 1.1363 | 2.1959 
22 | 1.1365 | 2.1048 
23 | 1.1360 | 2.1036 
24 | 1.1368 | 2.1025 
25 | 1.1370 | 2.1014 
26 | 1.1372 | 2.1002 
27 1.1373 | 2.0991 
28 | 1.1375 | 2.0980 
29 | 1.1377 | 2.0060 
3° | 1.1379 | 2.0057 
3 | 1.1381 | 2.0946 
32 | 1.1382 | 2.0035 
33%| 1.1384 | 2.0924 
34 | 1.1286 | 2.0912 | 
35 | 1.1328 | 2.0901 
360 | 1.1390 | 2.0890 
37 | 1.1391 | 2.0879 
38 | 1.1303 | 2.0868 
39 | 1-1305 | 2.0857 
42 | 1.1397 | 2.0846 
41 | 1.1390 | 2.0835 
£2 | 1.1401 | 2.0824 
43 | 1.1402 | 2.0812 
44 | 1.1404 | 2.0801 
45 | 1.1406 | 2.0790 
46 | 1.1408 | 2.0779 
47 | 1.1410 | 2.0768 
48 | 1.1411 | 2.0757 
49 | 1.1413 | 2.0746 
50 | 1.1415 | 2.0735 
5I | 1.1417 | 2.0725 
52 | 1-419 | 2.0714 
53 | I-142r | 2.0703 
54 | 1.1422 | 2.0602 
55 | 1.1424 | 2.0681 
56 | 1.1426 | 2.0670 
57 | 1.1428 | 2.0659 
58 | 1.1430 | 2.0648 
59 | 1.1432 | 2.0637 
60 | 1.1433 | 2.0627 
* |Co-sec.! Src. 
61° 


NATURAL SECANTS AND CO-SECANTS 


29° 


Sec. | Co-szc. 


1.1433 | 2.0627 
1.1435 | 2.0016 
1.1437 | 2.0605 
I-1439 | 2.0504 
1.1441 | 2.0583 
1.1443 | 2.0573 
1.1445 | 2.0562 
I-1446 | 2.0551 
1.1448 | 2.0540 
1.1450 | 2.0530 
1.1452 | 2.0519 


1.1454 | 2.0508 
1.1456 | 2.0408 
1.1458 | 2.0487 
1.1459 | 2-0476 
1.1461 | 2.0406 
1.1463 | 2.0455 
1.1405 2.0444 
1.1467 | 2.0434 
1.1469 | 2.0423 
L.-I47L | 2.0413 
1.1473 | 2.0402 
I.1474 | 2.0392 
1.1476 | 2.0381 
1.1478 | 2.0370 
1.1480 | 2.0360 
1.1482 | 2.0340 
1.1484 | 2.0339 
1.1486 | 2.0320 
1.1488 | 2.0318 
1.1489 | 2.0308 
1.1491 | 2.0207 
1.1493 | 2.0287 
1.1495 | 2.0276 
1.1497 | 2.0266 

«1499 | 2.0256 

-150I | 2.0245 
t-1503 | 2.0235 

1505 | 2.0224 

-1507 2.0214 

«1508 | 2.0204 


I 
1 

x 

I 

I 

I 

I.1510 | 2.0104 
1.1512 | 2.0183 
I-I514 | 2.0173 
1.1516 | 2.0163 
1.1518 | 2.0152 
1.1520 | 2.0142 
1.1522 | 2.0132 
1.1524 | 2.0122 
i.1§26 | 2.0111 
1.1528 | 2.0101 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 


-1530 | 2.0091 
-I53I | 2.0081 
+1533 | 2.0071 
+1535 | 2.0061 
+1537 | 2.0050 
-1539 | 2.0040 
-I54I | 2.0030 
1543 | 2.0020 
-1545 | 2.0010 


-1547 | 2.0000 


Co-sEc.! Src. 


60° 


30° Sie 
Sec. |Co-sxc.|} Src. |Co-sec.| ’ 
1.1547 | 2.0000 |] 1.1666 | 1.9416 | 60 
1.1549 | 1-9990 || 1.1668 | 1.9407 | 50 
1.1551 | 1.9980 || 1.1670 | 1.9307 | 58 
1.1553 | 1-9970 || 1.1672 | 1.9388 | 57 
1.1555 | 1.9960 || 1.1674 | 1.9378 | 56 
I-1557 1.9950 || 1-1676 | 1.9369 | 55 
I.1559 | 1-9940 || 1.1678 | 1.9360 | 54 
I.15O61 | 1.9930 || 1.1681 | 1.9350 | 53 
1.1562 | 1.9920 || 1.1683 | 1.0341 | 52 
1.1564 | 1.9910 || 1.1685 | 1.0332 | 51 
1.1566 | 1.9900 || 1.1687 | 1.9322 | 50 
1.1568 | 1.9890 |; 1.1689 | 1.0313 | 49 
T.1570 | 1.9880 || 1.1691 | 1.9304 | 48 
1.1572 | 1.9870 || 1.1693 | 1.9205 | 47 
1.1574 | 1.9860 |] 1.1695 | 1.9285 | 46 
1.1576 | 1.9850 || 1.1697 | 1.9276 | 45 
1.1578 | 1.9840 || 1.1699 | 13-0267 | 44 
1.1580 | 1.9830 || 1-170r | 1.9258 | 43 
1.1§82 | 1.9820 || 1.1703 | 1.9248 | 42 
1.1584 | 1.9811 |} 1.1705 | 1.9230 | 4I 
1.1586 | 1.9801 |] 1.1707 | 1.9230 | 40 
1.1588 | 1.9701 || 1.1709 | 1.9227 | 390 
1.1590 | 1.9781 || 1.1712 | 1.9212 | 38 
I.1592 | 1.9771 1.1714 | 1.9203 | 37 
I.1504 | 1.9761 1.1716 | 1.9193 | 36 
I.15906 | £.90752 || 1.1718 | x-0184 | 35 
I.1598 | 1.9742 I.1720 | E.0175 | 34 
1.1600 | 1.9732 1.1722 | 1.9166 | 33 
I.1602 | 1.9722 || 1.1724 | 1.9157 | 32 
1.1604 | 1.9713 || 1-1726 | 1.9148 | 31 
I.1606 | 1.9703 || 1.1728 | 1.9139 | 30 
1.1608 | 1.9603 || 1.1730 | 1.9130 | 29 
1.1610 | 1.9683 |} 1.1732 | I-912r | 28 
1.1612 | 1.9674 || 1.1734 | I.o112 | 27 
1.1614 | 1.9664 || 1.1737 | I-9102 | 26 
1.1616 | 1.9054 || 1.1739 | 31-9003 | 25 
1.1618 | 1.9645 |} 1-1741 | 1.9084 | 24 
1.1620 | 1.0635 || 1.1743 | 1.0075 | 23 
1.1622 | 1.9625 || 1.1745 | 1.9066 | 22 
1.1624 | 1.9616 |] 1.1747 | 1.9057 | 21 
1.1626 | 1.9606 || 1.1749 | 1.9048 | 20 
1.1628 | 1.9506 || 1.1751 | 1.9030 | 19 
1.1630 | 1.9587 || 1.1753 | 1-9030 | 18 
T-1632 | 1.0577 || 1-1756 | 1.9021 | 17 
1.1634 | 1.9568 |] 1.1758 | I-0013 | 16 
1.1636 | 1.0558 || 1.1760 | 1.9004 | I5 
1.1638 | 1.9549 |! 1.1762 1.8005 | 14 
1.1640 | 1.9530 || 1-1764 | 1.8086 | 13 
1.1642 | 1.9530 || 1.1766 | 1.8977 | 12 
1.1644 | 1.9520 |} 1.1768 | 1.8068 | 11 
1.1646 | 1.9510 || 1.1770 | 1.8959 | Io 
1.1648 | 1.9501 || 1.1772 | 1.8050 fe} 
1.1650 | I-9401 || 1.1775 | 1-804 8 
1.1652 | 1-0482 || 1.1777 | 1.8932 a 
1.1654 | 1.0473 || 1-1779 | 1.8024 6 
1.1656 | 1.9463 || 1.1781 | 1.8915 5 
1.1658 | 1.0454 || 1.1783 | 1.80906 4 
x.1660 | 1.9444 || 1.1785 | 1.8807 3 
1.1662 | 1.9435 || 1-1787 | 1.8888 2 
1.1664 | 1.9425 || 1.1700 | 1.8879 I 
1.1666 | 1.9416 |] 1.1792 | 1.8871 ° 
Co-sec.! Src. |/Co-sec.! Src. | ” 
59° 58° 


560 NATURAL SECANTS AND CO-SECANTS 


32° 

e Sec. | Co-sEc. 

© | 1.1792 | 1.8871 

1 | 1.1794 | 1.8862 

2 | 1.1796 | 1.8853 

3 | 1.1798 | 1.8844 

4 | 1.1800 | 1.8836 

5 | 1.1802 | 1.8827 

6 | 1.1805 | 1.8818 

7 | 1.1807 | 1.8809 

8 | 1.1809 | 1.8801 

9 | 1.1811 | 1.8792 

to | 1.1813 | 1.8783 
rr | 1.1815 | 1.8785 
12 1.1818 | 1.8766 
13 | 1.1820 | 1.8757 
14 | 1.1822 | 1.8749 
15 | 1.1824 | 1.8740 
16 | 1.1826 | 1.8731 
17 | 1.1828 | 1.8723 
18 | 1.1831 meus 
19 | 1.1833 | 1.8706 
20 | 1.1835 | 1.8607 
21 | 1.1837 | 1.8688 
22 | 1.1839 | 1.8680 
23 | 1.1841 | 1.8671 
24 | 1.1844 | 1.8663 
25 | 1.1846 | 1.8654 
26 | 1.1848 | 1.8646 
27 | 1.1850 | 1.8637 
28 | 1.1852 | 1.8620 
29 | 1.1855 | 1.8620 
30 | 1.1857 | 1.8611 
31 | 1.1859 | 1.8603 
32 | 1.1861 | 1.8505 
33 | 1.1863 | 1.8586 
34 | 1.1866 | 1.8578 
35 | 1.1868 | 1.8569 
36 | 1.1870 | 1.8561 
37 | 1.1872 | 1.8552 
38 | 1.1874 | 1.8544 
39 | 1.1877 | 1.8535 
4o | 1.1879 | 1.8527 
41t | 1.1881 | 1.8510 
42 | 1.1883 | 1.8510 
43 | 1.1886] 1.8502 
44 | 1.1888 | 1.8403 
45 | 1.1890 | 1.8485 
46 | 1.1892 | 1.8477 
47 | 1.1804 | 1.8468 
48 | 1.1897 | 1.8460 
49 | 1.1899 | 1.8452 
50 | 1.1901 | 1.8443 
51 | 1.1903 | 1.8435 
52 | 1.1906 | 1.8427 
53 | 1-1908 | 1.8418 
54 | 1.1910 | 1.8410 
55 | 1.1912 | 1.8402 
56 | r.1915 | 1.8304 
57 | 1.1917 | 1.8385 
58 | 1.1919 | 1.8377 
59 | 1.1921 | 1.8360 
1.1922 | 1.8361 


33° 34° 

Sec. |Co-sec.|| Sec. |Co-sEc. 
1.2062 | 1.7883 
1.2064 | 1.7875 
1.2067 | 1.7867 
1.2069 | 1.7860 
1.2072 | 1.7852 
1.2074 | 1.7844 
1.2076 | 1.7837 
1.2079 | 1.7829 
1.2081 | 1.7821 
1.2083 | 1.7814 
1.2086 | 1.7806 
1.2088 | 1.7798 
1.2091 | 1-7701 
1.2093 | 1-7783 
1.2005 1.7776 
1.2098 | 1.7768 
1.2100 | 1.7760 
1.2103 | 1.7753 
1.2105 | 1.7745 
1.2107 | 1.7738 
1.2110 | 1.7730 
1.2112 | 1.7723 
Y-2115 | 1-715 
1.2117 | 1.7708 
1.2119 | 1.7700 
1.2122 | 1.7693 
1.2124 | 1.7685 
1.2127 | 1.7678 
1.2129 | 1.7670 
1.2132 1.7663 
1.2134 | 1.7655 
1.2136 | 1.7648 
1.2139 1.7640 
1.2141 1.7633 
1.2144 | 1.7625 
1.2146 | 1.7618 
1.2149 | 1.7610 
1.2151 1.7603 
1.2153 | 1.7590 
1.2156 | 1.7588 
1.2158 | 1.7581 
1.2161 | 1.7573 
1.2163 | 1.7566 
1.2166 | 1.7559 
1.2168 | 1.7551 
1.2071 | 1.7544 
1.2173 | 1-7537 
1.2175 | 1.7529 
1.2178 | 1.7522 
1.2180 | 1.7514 
1.2183 | 1.7507 
1.2185 | 1.7500 
1.2188 | 1.7493 
1.2190 | 1.7485 
1.2193 | 1-7478 
1.2105 | 1.747% 
1.2198 | 1.7463 
1.2200 | 1.7456 
1.2203 | 1-7449 
1.2205 | 1.7442 
1.2208 | 1.7434 
Co-sec.| Sec. 

55° 


35° 
Sec. | Co-sEc. 
1.2208 | 1.7434 
1.2210 | 1.7427 
1.2213 | 1.7420 
1.2215 | 1.7413 
1.2218 | 1.7405 
1.2220 | 1.7308 
1.2223 | 1.73901 
1.2225 | 1.7384 
1.2228 | 1.7377 
1.2230 | 1.7360 
1.2233 | 1.7362 
1.2235 | 1.7355 
1.2238 | 1.7348 
1.2240 | 1.7341 
1.2243 | 1-7334 
1.2245 | 1.7327 
1.2248 | 1.7319 
1.2250 | 1.7312 
1.2253 | 1.7305 
1.2255 | 1.7208 
1.2258 | 1.7201 
1.2260 | 1.7284 
1.2263 | 1.7277 
1.2265 | 1.7270 
1.2268 | 1.7263 
1.2270 | 1.7256 
1.2273 | 1.7249 
1.2276 | 1.7242 
1.2278 | 1.7234 
1.2281 | 1.7227 
1.2283 | 1.7220 
1.2286 | 1.7213 
1.2288 | 1.7206 
1.2291 | 1.7199 
1.2293 | 1.7192 
1.2296 | 1.7185 
1.2298 | 1.7178 
1.2301 | 1.7171 
1.2304 | 1.7164 
1.2306 | 1.7157 
1.2309 | 1.7151 
1.2311 | 1.7144 
1.2314 | 1.7137 
1.2316 | 1.7130 
1.2319 | 1.7123 
1.2322 | 1.7116 
1.2324 | 1.7109 
1.2327 | 1-7102 
1.2329 | 1.7095 
1.2332 | 1.7088 
1.2335 | 1.7081 
1.2337 | 1-7075 
1.2340 | 1.7068 
1.2342 | 1.7061 
1-2345 | 1-7054 
1.2348 | 1.7047 
1.2350 | 1.7040 
1.2353 | 1.7033 
1.2355 | 1-7027 
1.2358 | 1.7020 
1.2361 | 1.7013 
Co-sec.| SEc. 


36° 


1.2361 | 1.7013 
1.2363 | 1.7006 
1.2366 | 1.6999 
1.2368 | 1.6903 
+2371 | 1.6986 
-2374 | 1.0979 
-2376 | 1.6972 
12379 | 1.6905 
.2382 | 1.6959 
-2384 | 1.6952 
-2387 | 1.6045 
2389 | 1.6938 
-2392 | 1.6932 
+2305 | 1.6925 
-2307 | 1.6918 
.2400 | 1.6912 
+2403 | 1.6905 
-2405 | 1.6808 
.2408 | 1.6891 
-2411 | 1.6885 
-2413 | 1.6878 
.2415 | 1.6871 
.2419 | 1.6865 
.2421 | 1.6858 
.2424 | 1.6851 
-2427 | 1.6845 
-2429 | 1.6838 
+2432 | 1.0831 
2435 | 1.6825 


I 
I 
I 
I 
I 
I 
I 
x 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
ee 
rt 
I 
I 
I 
I 
1.2437 | 1.6818 
1.2440 | 1.6812 
1.2443 | 1.6805 
1.2445 | 1.6798 
1.2448 | 1.6792 
1.2451 | 1.6785 
1.2453 | 1.6779 
1.2450 | 1.6772 
1.2459 | 1.6766 
1.2461 | 1.6759 
1.2404 | 1.6752 
1.2407 | 1.6746 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
b 
I 
I 
I 
I 
I 
I 
I 


.2470 | 1.67390 
+2472 | 1.6733 
+2475 1.6726 
-2478 | 1.6720 
.2480 | 1.6713 
-2483 | 1.6707 
+2486 | 1.6700 
-2488 | 1.6604 
+2490 1.6687 
.2494 | 1.6081 


.2497 | 1.6674 
-2499 | 1.0668 
.2502 | 1.6661 
.2505 | 1.6655 
-2508 | 1.6648 
+2510 | 1.6642 
2513 | 1.6636 
+2516 | 1.6629 
-2519 | 1.6623 
1.2521 | 1.6616 


Sec. | Co-sEc. 


Co-sec.| Src. 


NATURAL SECANTS AND CO-SECANTS 561 
37° | 38° 39° 
Src. |Co-sEc.|| Src. | Co-sec.|| Src. | Co-sec.| % 
1.2521 | 1.6616 || 1.2690 | 1.6243 |] 1.2867 | 1.5890 | 60 
1.2524 | 1.0610 || 1.2693 | 1.6237 || 1.2871 | 1.5884 | 50 
1.2527 | 1.6603 |} 1.2606 | 1.6231 || 1.2874 | 1.5879 | 58 
1.2530 | 1.6597 || 1.2099 | 1.6224 || 1.2877 | 1.5873 | 57 
1.2532 | 1.0591 || 1.2702 | 1.6218 || 1.2880 | 1.5867 | 56 
1.2535 | 1.0584 || 1.2705 | 1.6212 || 1.2883 | 1.5862 | 55 
1.2538 | 1.6578 || 1.2707 | 1.6206 || 1.2886 | 1.5856 | 54 
1.2541 | 1.6572 || 1.2710 | 1.6200 || 1.2889 | 1.5850 | 53 
1.2543 | 1.06565 || 1.2713 | 1.6194 || 1.2892 | 1.5845 | 52 
1.2546 | 1.6559 || 1.2716 | 1.6188 || 1.2895 | 1.5830 | 51 
1.2549 | 1.0552 || 1.2719 | 1.6182 || 1.2898 | 1.5833 | 50 
1.2552 | 1.6546 || 1.2722 | 1.6176 || 1.2901 | 1.5828 | 40 
1.2554 | 1.0540 || 1.2725 | 1.6170 || 1.2904 | 1.5822 | 48 
1.2557 | 1.0533 || 1.2728 | 1.6164 || 1.2907 | 1.5816 | 47 
1.2560 | 1.6527 || 1.2731 | 1.6159 || 1.2910 | 1.5811 | 46 
1.2563 | 1.6521 || 1.2734 | 1.6153 || 1.2913 | 1.5805 | 45 
1.2505 1.6514 || 1.2737 | 1.0147 1.2016 | 1.5700 | 44 
1.2568 | 1.6508 || 1.2739 | 1.6141 || 1.2919 |, 1.5704 | 43 
1.2571 | 1.6502 || 1.2742 | 1.6135 |] 1.2922 | 1.5788 | 42 
1.2574 | 1.6496 || 1.2745 | 1.6129 || 1.2926 | 1.5783 | 4x 
1.2577 | 1.6489 || 1.2748 | 1.6123 || 1.2929 | 1.5777 | 40 
1.2579 | 1.6483 || 1.2751 | 1.6117 |] 1.2032 | 1.5771 | 30 
1.2582 | 1.6477 || 1.2754 | 1.6111 |} 1.2935 | 1.5766 | 38 
1.2585 | 1.6470 || 1.2757 | 1.6105 || 1.2938 | 1.5760 | 37 
1.2588 | 1.6464 || 1.2760 | 1.6099 || 1-2941 | 1.5755 | 36 
1.2591 1.6458 || 1.2763 | 1.6093 || 1-2944 | 1.5740 | 35 
1.2503 | 1.6452 || 1.2766 | 1.6087 || 1.2047 | 1.5743 | 34 
1.2596 | 1.6445 || 1.2769 | 1.6081 || 1.2950 | 1.5738 | 33 
1.2509 | 1.6439 || 1.2772 | 1.6077 || 1.29053 | 1.5732 | 32 
1.2602 | 1.6433 || 1.2775 | 1.6070 || 1.2956 | 1.5727 | 31 
1.2605 | 1.6427 || 1.2778 | 1.6064 || 1.2960 | 1.5721 | 30 
1.2607 | 1.6420 || 1.2781 | 1.6058 || 1.2963 | 1.5716 | 20 
1.2610 | 1.6414 || 1.2784 | 1.6052 || 1.2966 | 1.5710 | 28 
1.2613 | 1.6408 || 1.2787 | 1.6046 || 1.2969 | 1.5705 | 27 
1.2616 | 1.6402 || 1.2790 | 1.6040 || 1.2972 | 1.5609 | 26 
1.2619 | 1.6306 || 1.2793 | 1.6034 || 1.2975 1.5004 | 25 
1.2622 | 1.6380 }} 1.2795 | 1.6029 |] 1.2978 | 1.5688 | 24 
1.2624 | 1.6383 || 1.2798 | 1.6023 || 1.2981 | 1.5683 | 23 
1.2627 | 1.6377 || 1.2801 | 1.6017 || 1.2985 | 1.5677 | 22 
1.2630 | 1.6371 || 1.2804 | 1.6011 |} 1.29088 | 1.5672 | 21 
1.2633 | 1.6365 || 1.2807 | 1.6005 || 1.29091 | 1.5666 | 20 
1.2636 | 1.6359 || 1.2810 | 1.6000 || 1.2004 | 1.5661 | 19 
1.2639 | 1.6352 || 1.2813 | 1.5004 |} 1.2007 | 1-5655 | 18 
1.2041 1.6346 || 1.2816 | 1.5988 |} 1.3000 | 1.5650 | 17 
1.2644 | 1.6340 || 1.2819 | 1.5982 || 1.3003 | 1.5644 | 16 
1.2647 | 1.6334 || 1.2822 | 1.5976 || 1.3006 | 1.5630 | 15 
1.2650 | 1.6328 || 1.2825 | 1.5971 || 1.3010 | 1.5633 | 14 
1.2653 | 1.6322 || 1.2828 | 1.5965 || 1-3013 | 1.5628 | 13 
1.2656 | 1.6316 || 1.2831 | 1.5950 |; 1.3016 | 1.5622 | 12 
1.2659 | 1.6309 || 1.2834 | 1.5053 || 1-3019 | 1.5617 | 11 
1.2661 | 1.6303 || 1.2837 | 1.5047 || 1.3022 | 1.5611 | 10 
1.2664 | 1.6297 || 1.2840 | 1.5042 || 1.3025 | 1.5606 9 
1.2667 | 1.6291 || 1.2843 | 1-5936 || 1-3029 | 1.5600 8 
1.2670 | 1.6285 1.2846 | 1.5930 || 1.3032 I-5505 7 
1.2673 | 1.6279 || 1.2849 | 1.5924 || 1-3035. |} I-5590 6 
1.2676 | 1.6273 || 1.2852 | 1.5919 || 1.3038 | 1-5584 5 
1.2679 | 1.6267 || 1.2855 I-5013 1.3041 1.5579 4 
1.2681 1.6261 1.2858 | 1.5907 1.3044 | 1-5573 3 
1.2684 | 1.6255 |] 1.2861 | 1.50901 1.3048 | 1.5568 2 
1.2687 | 1.6249 || 1.2864 | 1.58096 || 1.3051 | 1.5563 I 
1.2690 | 1.6243 |} 1.2867 | 1.5890 || 1.3054 | 1.5557 fo) 
‘o-sec. | Sec. ||Co-sec.| Sec. ||Co-sec.! Src. | ’ 
52° 51° 50° 


562 


40° 
a Sec. | Co-sEc. 
© | 1.3054 | 1.5557 
I | 1.3057 | 1.5552 
2 | 1.3060 | 1.5546 
3 | 1.3064 | 1.5541 
4 | 1.3067 | 1.5536 
5 | 1.3070 } 1.5530 
6 | 1.3073 | 21-5525 
7 | 1.3076 | 1.5520 
8 | 1.3080 | 1.5514 
9 | 1.3083 | 1.5500 
IO | 1.3086 | 1.5503 
11 | 1.3080 | 1.5408 
I2 | 1.3002 | 1.5403 
13 | 1.3006 | 1.5487 
14 | 1.3099 | 1.5482 
15 | 1.3102 | 1.5477 
16 | 1.3105 | 1.5471 
17 1.3109 | 1.5466 
18 | 1.3112 | 1.5461 
IQ | 1.3115 | 1.5456 
20 | 1.3118 | 1.5450 
ar | 1.3121 | 1.5445 
22 | 1.3125 | 1.5440 
23 | 1.3128 | 1.5434 
24 | 1.3131 | 1.5420 
25 | 1.3134 | 1.5424 
26 | 1.2138 | 1.5419 
27 | 1.3141 | 1.5413 
28 | 1.3144 | 1.5408 
29 | 1.3148 | 1.5403 
30 | I.3151 | 1.5308 
31 | 1.3154 | 1.5302 
32 | 1.3157 | 1.5387 
33 | 1.3161 | 1.5382 
34 | 1-3104 | 1.5377 
35 | 1.3167 | 1.5371 
36 | 1.3170 | 1.5366 
37 | 11-3174 | 1.5361 
38 | 1.3177 | 1.5356 
39 | 1.3180 | 1.5351 
40 | 1.3184 | 1.5345 
41 | 1.3187 | 1.5340 
42 | 1.3190 | 1.5335 
43 1.3103 1.5330 
44 | 1.3197 | 1.5325 
45 | 1.3200 | 1.5319 
46 | 1.3203 | 1.5314 
47 | 1.3207 | 1.5300 
48 | 1.3210 | 1.5304 
49 | 1.3213 | 1.5200 
50 | 1.3217 | 1.5204 
SI | 1.3220 | 3.5289 
52 | 1.3223 | 1.5283 
53 | 1.3227 | 1.5278 
54 | 1.3230 | 1.5273 
55 | 1.3233 | 1.5268 
56 | 1.3237 | 1.5263 
57 | 1.3240 | 1.5258 
s8 | 1.3243 | 1.5253 
59 | 1.3247 | 1.5248 
6o | 1.3250 | 1.5242 
’ |Co-sec.| Sec. 
4g° 


* 


NATURAL SECANTS AND CO-SECANTS 


41° 42° 43° 
Src. |Co-sec.|| Sec. | Co-sec.}} Sec. | Co-skc. 
1.3250 | 1.5242 || 1.3456 | 1.4045 || 1.3673 FAnes 
1.3253 | 1-5237 || 1-3460 | 1.4040 || 1.3677 | 1.465 
1.3257 | 1-5232 || 1.3463 | 1.4035 || 1.3681 1.4654 
1.3260 | 1.5227 || 1.3467 | 1.4030 |] 1.3684 1.4040 
1.3263 | 1.5222 || 1.3470 | 1.4025 || 1.3688 | 1.4644 
1.3267 | 1.5217 || 1.3474 | 1.4021 || 1.3692 1.40640 
1.3270 | 1.5212 || 1.3477 | 1.4016 || 1.3605 | 1.4635 
1.3274 | 1.5207 || 1.3481 1.401 1.3609 | 1.4631 
1.3277 | 1.5202 |} 1.3485 | 1.4906 |] 1.3703 | 1.4626 
1.3280 | 1.5197 || 1.3488 | 1.4901 || 1.3707 | 1.4622 
1.3284 | 1.5192 || 1.3492 | 1.4807 || 1.3710 | 1.4617 
1.3287 | 1.5187 |} 1.3405 | 1.4802 I.3714 | 1.4613 
1.3290 | 1.5182 || 1.3400 | 1.4887 |} 1.3718 | 1.4608 
1.3204 | 1.5177 || 1.3502 1.4882 1.3722 1.4604 
1.3207 | I-5171 || 1.3506 | 1.4877 || 1.3725 | 1.4500 
1.3301 | 1.5166 || 1.3500 | 1.4873 || 1.3720 1.4595 
1.3304 | 1.5161 1.3513 | 1-4868 || 1.3733 | 1.4590 
1.3307 | 1-5156 || 1.3517 | 1.4863 || 1.3737 | 1.4586 
1.3311 | I-5151 |} 1.3520 | 1.4858 || 1.3740 | 1.4581 
1.3314 | 1-5146 || 1.3524 | 1.4854 || 1.3744 | 1.4577 
1.3318 | 1.5141 || 1.3527 | 1-4840 || 1.3748 | 3.4572 
1.3321 | 1.5136 || 1.3531 | 1.4844 |] 1.3752 | 1.4568 
1.3324 | 1.5131 || 1.3534 | 1.4830 || 1.3756 | 1.4563 
1.3328 | 1.5126 || 1,3538 | 1-4835 || 1.3750 | 1.4550 
1.3331 | 1.5121 || 1.3542 | 1-4830 || 1.3763 | 1.4554 
1.3335 | 1-5t16 |} 1.3545 | 1.4825 |} 1.3767 | 1.4550 
1.3338 | 1-5111 || 1.3540 | 1.4821 |] 1.3771 | 1.4545 
1.3342 | 1-5106 || 1.3552 | 1.4816 || 1.3774 | 1.4541 
1.3345 | I-5101 || 1.3556 | 1.4811 |} 1.3778 | 1.4536 
1.3348 | 1.5006 || 1.3560 | 1.4806 || 1.3782 | 1.4532 
1.3352 | 1.5092 || 1.3563 | 1-4802 || 1.3786 | 1.4527 
1.3355 | 1.5087 || 1.3567 | 1.4797 || 1.3790 | 1.4523 
1.3350 | 1.5082 1.3571 1.4792 1.3704 1.4518 
1.3362 | 1.5077 || 1.3574 | 1-4788 |] 1.3707 | 1-4514 
1.3300 | 1.5072 || 1.3578 | 1.4783 || 1.3801 1.4510 
1.3300 | 1.5067 || 1.3581 | 1.4778 || 1.3805 | 1.4505 
1.3372 | 1-5062 || 1.3585 | 1.4774 |] 1.3809 | 1.4501 
1.3376 | 1.5057 || 1.3589 | 1.4769 || 1.3813 | 1.4406 
1.3379 | 1-5052 || 1.35902 | 1.4764 |] 1.3816 | 1.4402 
1.3383 | 1-5047 || 1.3596 | 1.4760 || 1.3820 | 1.4487 
1.3386 | 1.5042 || 1.3600 | 1.4755 1.3824 | 1.4483 
1.3390 | 1.5037 || 1.3603 | 1.4750 || 1.3828 | 1.4470 
1.3393 | 1-5032 || 1.3607 | 1.4746 || 1.3832 | 1.4474 
1-3397 | 1-5027 || 1.3611 | 1.4741 || 1.3836 | 1.4470 
1.3400 | 1°5022 || 1.3614 | 1.4736 || 1.3830 | 1.4465 
1.3404 | 1.5018 || 1.3618 | 1.4732 || 1.3843 | 1.4461 
1.3407 | 1-5013 |} 1-3622 | 1.4727 || 1.3847 | 1.4457 
1.3411 | 1.5008 |} 1.3625 | 1.4723 || 1.3851 | 1.4452 
1.3414 | 1.5003 |} 1.3629 | 1.4718 |] 1.3855 | 1.4448 
1.3418 | 1.4098 || 1.3633 1.3859 | 1.4443 
1.3421 | 1.4993 || 1.3636 1.3863 | 1.4430 
1.3425 | 1.4088 || 1.3640 1.3867 | 1.4435 
1.3428 | 1.4083 1.3870 | 1.4430 
1.3432 | 1.4970 1.3874 | 1.4426 
1.3435 | 31-4974 1.3878 | 1.4422 
1.3439 | 1-4960 1.3882 | 1.4417 
1.3442 | 1.4064 1.3886 | 1.4413 
1.3446 | 1.4059 1.3890 | 1.4408 
1.3449 | 1.4054 1.3804 | 1.4404 
1.3453 | 1-4049 1.3808 | 1.4400 
1.3450 | 1.4045 1.3902 | 1.4305 
‘o-sEcC. | Sec. Co-sec.| Sec. 
48° P 


q 


NATURAL SECANTS AND CO-SECANTS 563 
44° 44° 44° 
») 'Sec.. | Co-sec.) * Ki Sec. | Co-src.| * us Sec | Co-sec.| ’ 
© | 1.3902 | 1.4305 | 60 || 21 | 1.30%4 | 1.4305 | 30 || 41 | 1.4065 | 1.4221 | 19 
r | 1.3905 | 1.4391 | 50 || 22 | 21-3088 | 1.4301 | 38 || 42 | 1.4069 | 1.4217 | 18 
2 | 1.3909 | 1.4387 | 58 || 23 | 1-3002 | 1.4207 | 37 || 43 | 1-4073 | 1.4212 | 17 
3 | 1.3013 | 1.4382 | 57 || 24 | 1-3006 | 1.4202 | 36 || 44 | 1 4077 | 1.4208 | 16 
4 | 1-3017 | 1-4378 | 56 || 25 | 1-4000 | 1.4288 | 35 || 45 | 1.408r | 1.4204 | 15 
5 | 1.3921 | 1.4374 | 55 || 26 | 1.4004 | 1-4284 | 34 || 46 | 1.4085 | 1.4200 | 14 
6 | 1.3025 | 1.4370 | 54 || 27 | 1.4008 | 1.4280 | 33 || 47 | 1.4089 | 1.4196 | 13 
7 | 1.3929 | 1.4365 | 53 || 28 | 1.4012 | 1.4276 |, 32 || 48 | 1.4003 | 1.4192 | 12 
8 | 1.3933 | 1-4361 | 52 || 20 | 1-4016 | 1.4271 | 32 || 49 | 1.4007 | 1.4188 | 12 
9 | 1.3937 | 1-4357 | 51-|| 30 | 1-4020 | 1.4267 | 30 |] 50 | 1.4101 | 1.4183 | IO 
TO | 1-3041 | 1.4352 | 50 || 31 | 1.4024 | 1.4263 | 20 || 51 | 1.4105 | 1.4179 9 
Ir | 1.3945 | 1.4348 | 49 || 32 | 1-4028 | 1.4259 | 28 || 52 | I-4109 | 1.4175 8 
12 | 1.3949 | 1.4344 | 48 || 33 | 1-4032 | 1.4254 | 27 || 53 | 3-4113 | 1-4171 | 7 
13 | 1.3053 | 1-4330 | 47 |] 34 | 1-4036 | 1.4250 | 26 || 54 | I.4117 | 1.4167 | 6 
14 | 1.3057 | 1-4335 | 46 || 35 | 1-4040 | 1.4246 | 25 || 55 | 1.4122 | 1.4163 | 5 
I5 | 1.3960 | 1.4331 | 45 || 36 | 1.4044 | 1-4242 | 24 || 56 | 1.4126 | 1.4150 4 
16 | 1.3964 | 1.4327 | 44 || 37 | 1-4048 | 1.4238 | 23 |] 57 | 1-4130 | 1-4154 |] 3 
17 | 1.3968 | 1.4322 | 43 || 38 | 1-4052 | 1.4233 | 22 || 58 | 1.4134 | 1.4150 2 
18 | 1.3972 | 1.4318 | 42 || 30 | 1.4056 | 1.4229 | 21 || 50 | 1.4138 | 1.4146 I 
I9 | 1.3976 | 1.4314 | 4x || 40 | 1.4060 | 1.4225 | 20 || 60 | 1.4142 | 1.4142 ° 
20 | 1.3980 | 1.4310 | 40 
’ | Co-sec.| Src foal | Co-sec._ SEc. “1 49\"Co-sral! “See. |." 
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DICTIONARY OF MACHINE SHOP TERMS 


Tuts has been compiled to assist in a definite understanding of 
the names of tools, appliances and shop terms which are used in 
various parts of the country, and will, we trust, prove of value in 
this way. Cross references have been used in many cases, and we 
believe that no trouble will be experienced in finding the definition 
desired even where it may not be under the letter expected. Cutters 
of all kinds are under “‘cutters,” twist drills under ‘‘drills,”” and by 
bearing this in mind no delay will be experienced. Practical sug- 
gestions as to additions to this section will be appreciated. 
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A 


Ampere — The unit of electric current. The amount of current 

which one volt can force through a resistance of one ohm, 

Ampere Hour. — One ampere flowing for one hour. 

Ampere Turns. — Used in magnet work to represent the number of 

turns times the number of amperes. 

Angle Irons — Pieces, usually castings, for holding work at an angle 
with the face-plate of a lathe, the platen of a planer or other 
similar work. Usually at right angles but can be anything 
desired. 

Angle Plate — A cast-iron plate with two surfaces at right angles to 
each other; one side is bolted to a machine table, the other carries 
the work. 

Annealing — Softening steel, rolled brass or copper by heating to a 
low heat and allowing to cool gradually. 

Annealing Boxes — Boxes, usually of cast iron, in which steel is 
packed with lime or sand to retard the cooling as much as possible. 

Anode — The positive terminal of any source of electricity as a bat- 

tery, or where the current goes into a plating bath. 


Anvils — Blocks of iron or steel on which 
metals are hammered or forged. Usu- 
ally have a steel face. A square hole 
is usually provided for holding hardies, 
fuller blocks, etc. 


Apron — A protecting or covering piece which encloses or covers any 
mechanism, as the apron of a lathe. 

Arbor — Shaft or bar to hold work while it is being turned or other- 

wise worked on. Usually made with a 

eS qj slight taper (about .o1o inch per foot) to 
drive into work and hold by friction. Also 

applied to shaft for holding circular saws, milling cutters, etc. 

Often called mandrel. 


a Arbor, Expansion — Arbor which can be 


varied in diameter to hold different 
sized work. These vary greatly in 
design, as shown. ‘The first and last 
are spring sleeves of different types, 
the second has blades which can be 
adjusted to size. 


Arc — The passage of current across the space between two sepa- 
rated points. 

Armature. — Usually the revolving part of a dynamo or motor or 
the movable part of any magnetic device. 
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B 


Babbitt Metal — A good mixture for bearings where the load is not 
too heavy. Consists of varying proportions of tin, antimony, 
and copper, and sometimes lead. ‘Tin is the base. 

Back-lash — Usually applied to lost motion in gears, sometimes to 
screw in a nut. ‘ 

Backing-off — Removing metal behind the cutting edge to relieve 
friction in taps, reamers, drills, etc. Also called “relieving.” 
Back Rest — A rest attached to the lathe ways for supporting long, 

slender’ shafts or other work being turned. 

Balance, Running — High-speed pulleys require balancing by running 
at speed and seeing that they run without tremor or vibration. 
This is called running balance. 

Balance, Standing — When a pulley has been balanced on the bal- 
ancing ways it is called a standing balance. See Balance-running. 


jo] 
Balancing Ways — Level strips on which the 
shaft carrying the pulley or other revolving 
hee body is placed. If the pulley is unbalanced 


——A 2 the heavy side will roll to bottom. 


Ball Reamer — See Reamer, Ball. 

Bastard — Not regular. The term is usually applied to a file, mean- 
ing a cut between the rough and second cut, or toa thread, mean- 
ing one that is not of the standard proportions. 

Battery. — A combination of chemicals which will give off an electric 
current. 

Bearings, Ball — Made to reduce friction by interposing balls be- 
tween the shaft and the bearing. ‘They are made in various 
ways but all aim to have a rolling instead of a sliding action. 

Bearings, Roller — Similar to ball bearings except rollers are used 
instead of balls. In some cases the rollers are practically hollow 
round springs from square stock. ‘These are known as flexible 
roller bearings (Hyatt). 


producing a current of air for fanning 
fires or blowing dust. 


Bearing, Base Plate — For supporting pillow blocks or journal boxes. 

Belt Carriers — Pulleys for supporting a long belt between driving 
and driven pulleys. May or may not have flanges. 

Belt Dressing — Preparation for preserving or cleaning a belt or 
making it cling to pulleys. 

Belt Fastener — Hooks or other device for joining the ends of belt. 

Belt Lacing — Methods of fastening ends of belt with a more or less 
flexible joint by means of leather or wire lacing. 

Belt, Muley — A belt running around a corner guided by idler pulleys 
on a muley shaft. 
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Belt Polisher or Strap — A belt covered with glue and emery or other 
abrasive is driven over pulleys and work held against it. 

Belt Shifter — Device for shifting belt or belts on countershaft or 
elsewhere, from loose to tight pulleys and vice-versa, ‘These are 
made in many varieties. Not used where clutches are employed. 

Belt Tightener — Loose pulleys arranged for taking up siack of belts; 
often called idlers. 

Bench — Usual hight is 34 to 35 inches from floor to top of bench, 
width about 29 inches. Should be 3 inches from wall to allow 
circulation of air, in order to give sprinklers a chance at a fire 
underneath. 

Bench, Leveling — Bench with a level surface so that work can be 
laid on it to test. Made of iron. 

Bending Machine — For bending rods, beams, rails, plate, etc. Run 
by hydraulic or other power. 


Bevel — A tool for measuring or laying off 
bevels as shown. Also a surface not at 
right angles to the main surface; may 


y be any angle. When at 45 degrees 
soy? sometimes called a miter. 


Blocks, Differential — Hoisting apparatus consisting of differential 
gears for lifting heavy loads. 
Blocks, Tackle — Sheaves or pulleys mounted in a shell or case, used 
with hoisting ropes or chains to raise heavy weights. 
Blow Pipe — A pipe for blowing a jet of air 
(ae eas into a flame for heating work locally, 
such as soldering. The upper picture 
is a plain one for use with an alcohol 
lamp, the other has a gas and an air 
tube. Each is regulated by the small 


valve so as to make the hottest flame. 


BOLTS 
Agricultural Bolt. Agricultural bo!ts, as indicated by the name, are 


= S used in farm machines and appliances. 
! SSS 4 The body of the bolt has a series of hel- 
S> Is ical lands and grooves which are formed 


by a rolling process. 


A. L. A. M. Bolt — This bolt is adopted by 
the Association of Licensed Automobile 
Manufacturers. It has a slotted head 


(oN and castellated nut. 
O><Z 
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Boiler Patch Bolt — A bolt used in fastening 
patches on boilers. The patch is coun- 
tersunk for the cone head, and _ boiler 
shell tapped for bolt thread. The square 
head is knocked off after bolt is screwed 
in place. 

Coupling Bolt — Eolts for shaft couplings 
are finished all over and must be a 
close fit in the hole reamed in the two 
flanges of the coupling, so that the 
sections shall be rigidly secured to- 
gether. 


Expansion Bolt—In attaching parts to brick, stone or concrete 
walls and floors, expansion bolts are frequently employed. The 
“Star” bolt in the illustration has an 
internally threaded, split sleeve which is 
slipped into a hole made in the wall and 
then expanded by running in the screw. 
The projections on the surface of the shell, and the fact that the 
hole receiving it is made larger at the rear, assure the device 

holding fast when the expander is in place. 
Hanger Bolt — This bolt is used for at- 


taching hangers to woodwork and 
consists of a lag screw at one end with 
- a machine bolt thread and nut at the 


other. 


Machine Bolts 


an 


Hexagon Head Square Head 


(ai 


Round Head Square Countersunk Head 


Miscellaneous Bolts 


Tire Loom or Carriage 


Oval T-Head 
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> Ce 


Step 
Deck Bridge or Roof 
Sp 
Sink Track 


Hook 


“North” Bolt—The “North” bolt is 
used in agricultural machinery and 


= eer \ + appliances and has a series of longi- 


tudinal lands rolled on the body to 
the same diameter as the bolt. 


Plow Bolt — Several types of plow and 
; cultivator bolts are shown in the 
} \ accompanying engravings, the forms 
A F illustrated being typical of a variety 
of bolts manufactured for agricultural 
apparatus. 
B G A—Large Round Head 
B — Square Head 
ed) C — Round Head, Square Shank 
Cc H D— Round Head 
4 E — Key Head 
F — Tee Head 
I G— Button Head 
ii H— Concave Head 


I — Reverse Key Head 
J — Large Key Head. 
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Stove Bolt— Stove bolts are made in 
sizes ranging from } to $ inch. There 
is no standard form of thread for 

Round or Button Head these bolts to which all makers ad- 
here, and even the same makers in 
some cases have a different shape of 
thread for different sizes of bolts. 
The heads commonly formed are the 
round, or button head, and the flat 
or countersunk head. 


Flat or Countersunk 
Head 


| (It) Tap Bolt — Tap bolts are usually threaded 

| the full length of the body, which is not 
‘ machined prior to running on the die. 
Only the point and the under side of 
the head are finished. They are not 
hardened and are used as a rule for 
the rougher classes of machine work. 
The heads are the same width as 
machine bolt heads. 


Square Head 


T-Head Planer Bolt—A bolt with a 


T-head having oblique ends which 
: may be dropped into the T-slot of a 
planer and locked by giving it a quar- 
ter turn, until the sloping ends strike 
‘ against the sides of the slot. Com- 


T-Head Planer Bolt monly employed for holding work on 
the planer table. 


Bolt Cutter — Machine for threading bolts, cutting threads on them. 


Bolt Header — Machine for upsetting the bolt body to form the 
head, 


Bolster — A block sometimes called the die block, in which a punch 
press die is held. It is attached to the bed by bolts at either end. 
Boring and Turning Mill — Machine 
having a rotating horizontal table 
for the work with one or more sta- 
tionary vertical tools for boring, 
turning or facing; a turret is often 
provided for holding a number of 
tools in one of the heads. Often 
called “vertical mill.” Horizontal boring machines are not called 
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BORING MILL 


BORING MILL — VERTICAL — NILES 


Base. 
Table. 
Housing. 


. Cross-rail. 


Saddle. 


Swivel. 


. Right spindle. 

. Left spindle. 

. Tool heads. 

. Vertical feed wheels. 
. Power feed lock. 

- Spindle bearings. 

- Counterweight chain. 


14. 
15. 
16. 
tie 
18, 


19 


20. 
21. 
22. 
23. 
24. 
ag. 
26. 


Counterweight. 
Cross-feed screw. 
Cross-feed screw. 
Vertical feed rod. 
Power feed gears. 
Housing slides. 
Vertical cross-rail screw, 
Cross-rail hoist. 
Vertical power rod. 
Gear box. 

Power control handle. 
Driving pulleys. 
Chuck jaws. 
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Box Chuck — A two-jawed chuck of rectangular form used by brass 
finishers. 


Brass — Alloy of copper and zinc although a little tin is often added 
for strength and density. Common proportion is copper 66, 
zinc 34. See bronzes, also low and high brass. 


Brass, High — Only applied to rolled material. Two parts copper, 
one of zinc. Color is light yellow. 


Brass, Low — Only applied to rolled material. Ranges from 75 per 
cent. copper to 25 of zinc to 88 per cent. copper and r2 of zinc, 


Brazing — The joining of metals by the use of copper filings or 
chips and borax or some other flux. This is usually called 
spelter or hard solder and can be applied to almost any of the 
harder metals. 


Brazing Clamps— Clamps to hold the ends of band saw or other 
work for brazing. 


Broach — A tool which is practically a series of chisels or cutting 
edges for enlarging holes or changing their shape. Generally 
used for odd shaped holes but occasionally for rounds. The 
teeth should be on an angle to give a shearing cut. Name 
is sometimes given to a small reamer used by jewelers. 


Bronzes — Alloy of Copper and Tin. Used in coinage, in bells, 
statuary, musical instruments and mirrors. Bell metal is 80 
copper, 20 tin to 84 copper, 16 tin. 


Bulldozer — Heavy forming machine for bending iron or steel and in 
which the dies move horizontally. Very similar to a forging 
press. 

Bull Blocks — Blocks through which wire or rods are drawn to reduce 
size. 

Bull Wheel — Usually applied to the gear of a planer which meshes 
into the rack under the table and drives it. 


Bunsen Burner —A device for securing 
a very hot flame by mixing air and 
gas in a chamber behind the flame. 
The one shown has two pieces which 
make the flame flat instead of round. 

Burnishers — Tools of hardened and polished steel for finishing brass 
and softer metals by friction. They are held against the revolving 
work and give a smooth surface by compressing the outer layer 
of the metal. 


Burring Machine — For removing burrs from hot pressed nuts. 

Bushing — Tube or shell which reduces the diameter of a hole. 
Hardened bushings are used in jig work to guide drills or other 
tools. 

Butt Joint — A riveted joint with the ends of the plates abutting 
squarely against each other. 

Butt Weld — A weld in which the ends of the two pieces simply abut 
against each other for welding together. 
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Button — A steel bushing, hardened and ground, used for locating a 

jig plate or some similar piece in which holes have to be bored 
in exact position. The 
button is attached to 
the work by a small 
screw and is then ad- 
justed by a micrometer 
or otherwise until it is 
central at the exact 
point where it is desired 
to bore the hole. ‘The 
work is then placed on 
the face plate of the 
lathe, and with a test in- 


dicator resting on the outside of the button, the piece is readily set 
central, It is then clamped fast to the face plate, the button is re- 
moved and the hole bored. Frequently, several buttons are used on 
the same piece of work, their relative positions being adjusted to 
conform to the center distances required between holes. The work 
is then indicated true by each button in succession, and one hole 
after another bored. 
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CALIPERS 


Firm Joint Calipers — Having a large, firm 
joint in place of old style plain riveted 
joint. This is an inside caliper. 


Gear Tooth Caliper — A caliper with two 
beams at right angles. The vertical 
beam gives tooth depth to pitch line 
and the other the thickness at pitch 
line. Both have verniers. Used in 
measuring teeth for accuracy, 


Hermaphrodite Caliper—— A combination of 
one leg of a divider and one leg of a 
caliper. Used in testing centered work 
and in laying off distances from the edge 
of a piece. 

Keyhole Caliper — Has one straight leg and 
the other curved. 


Micrometer Caliper—A measuring in- 
strument consisting of a screw and 
having its barrel divided into small 
parts so as to measure slight degrees 
of rotation. Usually measure to thou- 
sandths, sometimes to ten-thousandths. 
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Odd Leg Caliper — Calipers having both 
legs pointing in the same direction. 
Used in measuring shoulder distances 
on flat work, boring half round, boxes 
etc. 


Outside, Spring Caliper — Tool for measuring 
the outside diameter of work. Controlled 
by spring and threaded nut. Nuts are 
sometimes split or otherwise designed to 
allow rapid movement when desired, final 
adjustment being made by screw. 


Slide Caliper — A beam caliper made with 
a graduated slide. Generally made 
small for carrying in the pocket. 


Square-micrometer Caliper — A beam cali- 
per having jaws square with the blade, 
and having a micrometer adjustment to 
read to thousandths of an inch. 


Thread Caliper — Similar to outside calipers 
except it has broad points to go over the 
tops of several threads. 


Transfer Caliper.— Caliper which can be set to a given size, the 
auxiliary arm set, and the calipers opened 
at will, as they can be reset to the aux- 
iliary arm at any time. Used to caliper 
recesses and places where they must be 
moved to get them out. : 


Cam, Drum or Barrel — The drum cam 
has a path for the roll cut around the 
periphery, and imparts a to-and-for 
motion to a slide or lever in a plane 


parallel to the axis of the cam. Some- 
times these cams are built up of a 
plain drum with cam plates attached. 


cam roll in contact with the edge of 
the cam. On the cam shown, a to 0 is 
the drop; b toc the dwell; ¢ to d, rise; d 
to a, dwell. 


c 


a 
Cam, Edge — Edge or peripheral cams (also 
b called disk cams) operate a mechanism 
in one direction only, gravity, or a 
(©) spring, being relied upon to hold the 
d 
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Cam, Face — Face cams have a grooye 
or roll path cut in the face and oper- 
ate a lever pr other mechanism posi- 
tively in both directions, as the roll is 
always guided by the sides of the slot. 


““C”” Washer.— See Washer, Open. 

Carbonizing — The heat treatment of steel so that the outer surface 
will be hard. The surface absorbs carbon from the material 
used, 

Card Patterns — Patterns made on a gate so as to be all molded at 
once and to provide gates for the metal to flow. 

Case-hardening — A surface hardening by which the outer skin of a 
piece of iron or steel absorbs carbon or carbonizes so as to harden 
when cooled in water. The piece is usually packed in an iron 
box with bone, leather or charcoal, or all three, and heated slowly 
several hours, then quenched. 

Cat Head — A collar or sleeve which fits loosely over a shaft and is 
clamped to it by set screws. Used for steady rest to run on 
where it is not desired to run it on the work. 

Same name is also given to the head carrying cutters on boring 
bars. 

Cat Head Chuck —A chuck in which the end of a shaft or other 
piece is driven by a number of set screws tapped through the wall 
of the chuck. 


Cathode — The negative terminal of an electric bath or battery. 


Center, Dead — The back center or the stationary center on which 
the work revolves. On many grinding machines both centers 
are dead. 

Center, Live —-'The center in the revolving spindle of a lathe or 
similar machine. It is highly important that this should run 
true or it will cause the work to move in an eccentric path, 


Center Punch — Punch for marking points 
on metal. Made of steel with a sharp 
point and hardened. Often called a, 
prick punch, | 


Center Punch, Automatic — Has a spring actuated hammer in the 

handle, which is released when the handle is pressed way down. 
The point can be placed where desired 
and the blow given by a pressure of 
the hand. In some cases the blow can 
be varied. 


CENTER PUNCH — CHUCK iy 


Center Punch, Bell or Self-centering —A 
center punch sliding in a bell or cone 
mouthed casing so when placed square 
over the end of any bar it will locate 
the center with sufficient accuracy for 

: most purposes. 

. Center Punch, Locating — Having an extra leg which has a spring 

| point and is adjustable. The spring point is placed in the first 

i punch mark and so locates the next 

— punch mark at the right distance from 
the first. 

Centering Machines — For drilling and reaming center of work for 
the lathe or grinder. 

Chamber — A long recess. See Recess. 

Chasers — Tools used for cutting threads by chasing. Usually have 
several teeth of right pitch, but name is sometimes applied to a 
single point tool used in brass work on a Fox lathe. Chasers 
are made circular or flat and in the old days many were used by 
hand. 

Chasing Threads — Cutting threads by moving a tool along the work 
at the right speed to give the proper pitch. Distinguishes between 
threads cut with a die and those cut with a threading tool. 

Chattering — A slight jumping of the tool away from the work or 
vice-versa, and which leaves little ridges in same direction as the 
teeth. Occurs at times in any class of work and with any kind 
of tool. Due to springing of some parts of the machine. 

Cherry — See Cutters, Milling. 


Chisel, Blacksmith’s Hot— A chisel for 
cutting shot metal. Has a handle so 
that it can be used without getting the 

Ge) / hand too near the heated metal. 


Chipping — The cutting of metal with cold chisel and hammer. 
Also used when a piece ‘‘chips” or breaks out of a piece or punch. 

Chisel, Cape — Chisel with a narrow blade for cutting keyways and 
similar work. 


CF] 
Flat Cold Chisel Chisel, Cold — The usual machinists’ 
chisel for cutting or “chipping” 
— metal with a plain cutting edge as in 
Diamond illustration. 


: Chisel, Diamond or Lozenge — Similar 

— to a cape chisel but with square end 
Cape and cutting edge at one corner. Used 
for cutting a sharp-bottomed groove. 


Round 
Chisel, Round — A round end chisel with the cutting edge ground 
back at an angle. Used for cutting oil grooves and similar work. 
Chuck, Draw — Operated by moving longitudinally in a taper bear- 
ing. Used on precision work. 
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Chuck, Drill — A chuck made especially for holding drills in drilling 
machines. Sizes run from the smallest up to one inch, 

Chuck, Eccentric — For turning eccentrics or other work in which 
hole is not concentric with outside. Usually made adjustable to 
suit varying degrees of eccentricity. 

Chuck, Expanding — For turning hollow work which must be held 
on inside. Jaws go inside of work. 

Chucks, Lathe — Devices for holding work. 
Usually screw on spindle and have two, 
three or four jaws. ‘These may be inde- 
pendent or move together by screws 
only (in case of two jawed) or screws 
and. gears in case of more than two. 
There is also a spiral or scroll chuck 
without gears or screws of the ordinary 
kind. 

Chuck, Magnetic — Has no jaws but holds iron and’steel by magnet- 

ism. 

Chuck, Master — The main body of a screw chuck which screws on 
the nose of the lathe spindle and which carries the sub- or screw- 
chuck for holding the work. Mostly used in brass work. 


Chuck, Nipple — For holding short piece of pipe to be threaded. 


Chuck, Oval — Chuck designed to move the work to and from the 
tool so as to produce an oval instead of a round, Sometimes 
called an elliptic chuck. 


Chuck, Planer — For holding work on 
bed or platen of ‘planer, shaper or 
milling machine. Sometimes called a 
vise. They are made with both plain 
and swivel bases as shown, and usually 
have locking strips which hold the | 
piece carrying the set screws. 


Swivel Base 


Chuck, Screw— Chucks made with internal or external thread to 
hold work which has been already threaded. These very often 
screw into a master chuck. Mostly used in brass work. 

Chuck, Spring — See Screw Machine Tools. 


Chucking Machines — Usually have a turret for tools, a revolving 
chuck or table for work, and generally used for boring and ream- 
ing. May be either vertical or horizontal. 


Circuit — The path in which an electric current flows. 


CLAMP — COMPOUND REST 579 


Clamp, ‘“‘C”?—Clamp shaped like a letter 
“C” for holding work in various ways. 
Are sometimes cast but more often drop 
forged for heavier work. 


Clamps, Machinist — Clamps for holding 
work together, holding jigs or templets 
on work, etc. 


Clash Gears — Gears which are thrown into mesh by moving the 
centers together and sometimes by sliding the gears on parallel 
shafts till the teeth get a full bearing. The latter are some- 
times called sliding gears. 

Clutch — Any device which permits one shaft to engage and drive 
another, may be either friction or positive, usually the former. 
Made of all sorts of combinations of cams, levers and toggles. 

Clutch, Friction — A device whereby motion of loose pulley is trans- 
mitted to shaft to be driven. Various methods are employed but 
all depend on forcing some kind of friction surfaces together so 
that one drives the other. 


Clutches, Positive — Devices for connecting 
machines to a constantly running shaft 
Ratchet Tooth Clutch or one part to another, at will. There 
are many kinds, both positive and fric- 
tion. The illustrations show two of the 
most common of the positive clutches. 


Square Jaw Clutch 

Collar — A ring used for holding shafting, loose pulleys, in proper 
position or for fastening to boring tools to prevent them going in 
too deep. ; 

Collar, Safety — Having a clamping device instead of set screw or 
having set screw below surface or so covered as not to catch 
anything brought in contact with it. 

Commutator — The part of a dynamo or motor which takes off or 
leads current into the machine. 

Compound Rest — An auxiliary tool slide on lathe carriage arranged 
to swivel so as to turn at any desired angle with the lathe centers 
or with cross slide. Usually graduated into degrees. 
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Cotter, Spring — Also called split cotter, split pin, etc., is used ina 
hole drilled crosswise of a stud, shaft 


or some similar member, and its ends 

(S55 spread apart to retain it in place and 
keep some member carried by the 
shaft from slipping off. 
Counterbore — Has a pilot to fit a hole already drilled, or drilled 
and reamed, and its body with cutting 
edges on the end is used to enlarge the 

eS—1_ hole to receive a screw head or body or 
for some similar purpose. 

Countershaft — The shaft for driving a machine which is itself driven 
by the main or line shaft. 

Coupling, Clamp — Couplings made in 
two or more parts, clamping around 
the shafts by transverse bolts. Hold 
either by friction or have dowels in 
shaft. Sometimes called compression 
although this is confusing. 


(aes a pr parts. This 
forces them against shaft and holds it 
firmly. Bolts parallel with shaft draw 
parts together. 


Coupling, Flanged — A flange is keyed to each 
shaft and these flanges are bolted together. 
Also called “‘plate” coupling. 


Coupling, Friction — Couplings which depend on frictional contact. 

Coupling, Jaw or Clutch — Positively engaged by jaws or projections 
on the face of opposing parts. 

Coupling, Shaft — Devices for fastening ends of shafting together so 
that both may be driven as one shaft. These are made ina 
great variety of ways, from plain set screw coupling to elaborate 
compression devices. 

Coupling, Wedge — Coupling that clamps the shaft with a wedging 
action. Practically like a compression coupling. Generally en- 
closed in a sleeve. Also called vise coupling. 

Cope — The upper part of a flask. 

Coping Machine — For cutting away the flanges and corners of beams _ 
and bending the ends. 
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Counter, Revolution — Device for counting 
the revolutions of a shaft. Generally 
made with a worm and a gear having 
100 teeth so that one turn of dial equals 
100 revolutions. 


Countershaft — Shaft carrying tight and loose pulleys (or friction 
clutch pulleys) for starting and stopping machines or reversing 
their motion, 

Crane, Gantry — Traveling crane mounted on posts or legs for yard 
use. 

Crane, Jib — Crane with a swinging boom or arm. 

Crane, Locomotive — Crane mounted on a car with an engine so as 
to be self-propelling on a track. 

Crane, Pillar — Having the boom or moving arm fastened to pillar 

or post. 

Crane, Portable — Hoisting frame on wheels which can be run around 
to the work and used to handle work in and out of lathes and 
other machines. 

Crane, Post — See Crane, Pillar. 

Crane, Swing — Same as Jib Crane. 

Crane, Traveling — Crane with a bridge or cross beam having wheels 
at each end so it can be run on overhead tracks to any point in 
the shop. 

Crimping — Fluting, corrugating or compressing metal ring to re- 
duce its diameter. : 

Cross-rail — The part of a planer, boring mill or similar machine on 
which the tool heads or slides move and are supported. 


——~\ Cut Meter — Instrument for measuring the 
premey') surface speed of work either in lathe or 
planer. A wheel is pressed against the 

moving surface and the speed is shown 


Se») in feet per minute. 


Cutters, Flue Sheet — Special cutters for making holes as for flues, 
in flue sheets or in other sheet metal or structural work. 
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Angular Cutters — Such cutters are used 
for milling straight and spiral mills, 
ratchet teeth, etc. Cutters for spiral 
mill grooving are commonly made 
with an angle of 12 degrees on one 
side and 4o, 48 or 53 degree angle on 
the other. 
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Cherry —A form of milling cutter which is more strictly a formed 

reamer, for finishing out the interior 

een Gayat of a die or some similar tool. . The 
cherry shown is for a bullet mold, 

Convex and Concave Cutters — Convex 

and concave cutters are used for mil- 

ling half circles. The convex cutter 

is often used for fluting taps and 

other tools. Like all other formed 


cutters the shape is not affected by 
the process of sharpening. 


Corner Rounding Cutters — Left hand 
double and right hand cutters of this 
type are used for finishing rounded 
corners and edges of work. ‘The 
shape of the cutter is not altered by 
grinding on the face of the teeth. 


Cotter Mill— This type of mill is used 
for cutting keyseats and other slots 
and grooyes. 


Dovetail Cutters — Male and female dove- 
tails are milled with these tools, and 
edges of work conveniently beveled. 


a butt mill, is used for machining 
slots, milling edges of work, cutting 
cams, etc. 


=_ End Mill— This mill sometimes called 
hand ly 


Left Hand Bight Hand 
End Mill (with center cut). This end 
mill has clearance on the inner side 
of the end teeth and is adapted to 


Left Hand Mill cut into the work to a depth equal 
<ths SP to the length of the end teeth and 
are ES 4 then feed along, dispensing with the 
4 iS KJ iS necessity of first drilling a hole, which 


has to be done when the inner sides 
of the teeth are not relieved. 
The mills are often used for heavy cuts particularly in cast iron. 


Left Hand Right Hand 
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Face and Formed Cutters — The face cutter 
to the left, of Brown & Sharpe inserted 
tooth type is made in large sizes and 
cuts on the periphery and ends of teeth. 

The formed cutter to the right may 
be sharpened by grinding on the face 
without changing the shape. For mill- 
ing wide forms several cutters are often 
placed side by side in a gang. 


Fish Tail Cutter—A simple cutter for 
milling a seat or groove in a shaft or 
other piece. Usually operated at 


rapid speed and light cut and feed, 


Bi Fluting Cutters — Cutter A is an angular 

Yj, mill for cutting the teeth in spiral 
SY, mills, cutter B is for tap fluting and 
C for milling reamer flutes. In each 
case the cutter is shown with one 
face set radial to the center of the 
work. 


Fly Cutters — Fly cutters are simple formed 


cutters which may be held in an arbor like 
<i that shown at the top of the group. The 
arbor is placed in the miller spindle and 
‘the tool or other work to be formed is 


given a slow feed past the revolving cutter. 
After roughing out, the cutter can be held 
stationary and used like a planer tool for 
finishing the work which is fed past it 
and so given a scraping cut. 


Gang Cutters — Cutters are used in a gang 
on an arbor for milling a broad sur- 
face of any desired form. The cutters 
shown have interlocking and overlap- 
ping teeth so that proper spacing may 
be maintained. In extensive manufac- 
turing operation the gangs of cutters 
are usually kept set up on their arbor 
and never removed except for grinding. 
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Gear Cutter (Involute). In the Brown 
& Sharpe system of inyolute gear 
cutters, eight cutters are regularly 
made for each pitch, as follows: 

No. 1 will cut wheels from 135 teeth 
to a rack. 

No, 2 will cut wheels from 55 teeth 
to 134 teeth. . 

No. 3 will cut wheels from 35 teeth 
to 54 teeth. 

No. 4 will cut wheels from 26 teeth 
to 34 teeth. 

No. 5 will cut wheels from ar teeth 
to 25 teeth. 
No. 6 will cut wheels from 17 teeth to 20 teeth. 
No. 7 will cut wheels from 14 teeth to 16 teeth. 
No. 8 will cut wheels from 12 teeth to 13 teeth. 4 
Such cutters are always accurately formed and can be sharp- 

ened without affecting the shape of the teeth. 


Gear Cutters, Duplex — The Gould & Eberhart 
duplex cutters are used in gangs of two or 
more; the number of cutters in the gang 
depending on the number of teeth in the 
gear to be cut. The following table gives 
the number of cutters which may be used in 
cutting different numbers of teeth. 

Under 30 teeth 1 cutter 

Over 3oteeth 2 cutters 
Over 50 teeth 3 cutters 
Over 7oteeth 4 cutters 
Over 95 teeth 5 cutters 
Over 120 teeth 6 cutters 
Over 150 teeth 7 cutters 
Over 180 teeth 8 cutters 
Over 230 teeth ro cutters 
Over 260 teeth 12 cutters. 


Gear Stocking Cutter— The object of 
stocking cutters is to rough out the 
teeth in gears, leaving a smaller 
amount of metal to be removed by 
the finishing cutter. They increase 
the accuracy with which gears may be 
cut, and save the finishing cutter as 
well. 

? In.all cases where accuracy and smooth 

running are necessary the gears should 

first be roughed out. One stocking 
cutter answers for all gears of the 
same pitch, 
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Hob—A form of milling cutter with 
teeth spirally arranged like a thread 
on a screw and with flutes to give 
cutting edges as indicated. Used for 
cutting the teeth of worm gears to 
suit the worm which is to operate the 
gear. Hobs are formed and backed 
off so-that the faces of the teeth 
may be ground without changing the 
shape. 


{nserted Tooth Cutter — Brown & Sharpe inserted tooth cutters have 
taper bushings and screws for holding 
the blades in position in the bodies, 
Inserted tooth construction is generally 
recommended for cutters 6 inches or 


oooh 


; larger in diameter. There are many 
vail types of inserted tooth cutters and in 
~) most cases the blades are readily re- 


moved and replaced when broken or 
worn out. 


Inserted Tooth Cutter (Pratt & Whitney). In 
this type of cutter the teeth or blades are 
secured in position by taper pins driven into 
holes between every other pair of blades; the 
cutter head being slotted as shown to allow 
the metal at each side of the taper pin to be 
pressed firmly against the inserted blades. 


Interlocking Side Cutters — These cutters 
have overlapping teeth and may be 
adjusted apart to maintain a definite 
width for milling slots, etc., by using 
packing between the inner faces. 


Plain Cutters — These cutters are for 
milling flat surfaces. When over } 
inch wide the teeth are usually cut 
spirally at an angle of from ro to 
15 degrees, to give an easy shearing 
cut. When of considerable length 
relative to diameter they are called 
slabbing mills. 
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Rose Cutter— The hemispherical cutter 
known as a rose mill is one of a large 
variety of forms employed for working 
out dies and other parts in the profiler. 
Cutters of this form are also used for 
making spherical seats for ball joints, etc. 


ahs Screw Slotting Cutter — Screw slotting cutters 
have fine pitch teeth especially adapted 
for the slotting of screw heads and similar 


work. ‘The cutters are not ground on the 
sides. They are made of various thick- 
nesses corresponding to the numbers of the 
American Wire Gage. 


Shank Cutter — Shank milling cutters are 
made in all sorts of forms with shanks 
which can be conveniently held true in 
miller or profiler while in operation. 


Shell End Cutter — Shell end mills are de- 
signed to do heavier work than that for 
which the regular type of end mills are 
suited. They are made to be used on an 
arbor and are secured by a screw in the 
end of the arbor. The end of the cutter 
is counterbored to receive the head of the 
screw and the back end is slotted for 
driving as indicated. } 
Side or Straddle, and Slabbing Cutters — 
Side cutters like that to the left cut on 
the periphery and sides, are suitable 
for milling slots and when used in 
ae pairs are called straddle mills. May be 
Ste packed out to mill any desired width 
Slabbing of slot or opposite faces of a piece of 
any thickness. 
Slabbing cutters are frequently made with nicked teeth to 
break up the chip and so give an easier cut than would be possible 
with a plain tooth. 


Slitting Saw, Metal — Metal slitting saws are 
thin milling cutters. The sides are finished 
true by grinding, and a little thicker at the 
outside edge than near the center, for proper 
clearance. Coarse teeth are best adapted 
for brass work and deep slots and fine teeth 
for cutting thin metal. 


Left Hand Right Hand 
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Sprocket Wheel Cutter — Cutters for milling the 
teeth on sprocket wheels for chains are formed 
to the necessary outline and admit of grinding 
on the face like regular gear cutters, without 
changing the form of the tooth. 


Straight Shank Cutter — Straight shank 
—— ||] cutters of small size are extensively used 

in profilers and vertical millers for die 
as Oo | sinking, profiling, routing, etc. They 


are held in spring chucks or collets. 


T-Slot Cutter — Slots for bolts in miller 
and other tables are milled with 
Left Hand T-slot cutters. They are made to 
standard dimensions to suit bolts of 
Ay DQ 5 oars = 

VN various sizes. The narrow part of 

ows SS Sa = the slot is first milled in the castin 
A) SS SO s : a & 
an SS ae then the bottom portion is widened 

Cutter Cutter out with the T-slot cutter. 


Woodruff Key Cutter — The Whitney Mfg. 
Co’s keys are semi-circular in form and 
for cutting the seats in the shaft to 
receive them a cutter of the type shown 
is used. These cutters are made of 
right diameter and thickness to suit 
all the different sizes of keys in the 
Woodruff system. 


Cutting-off Machine — For cutting desired lengths from commercial 


bars of iron, steel or other material, usually has stationary tools 
and revolves the work. The latter is gripped by the rotating 
chuck; and as the tools are fed toward the center, the spindle in 
some types of machines is driven at an accelerated speed so that 
as the diameter of the cut is reduced, the speed of rotation is in- 
creased to maintain a practically uniform surface speed of work. 
In cold-saw cutting-off machines, the work is held in a vise and a 
rotating circular cutter is fed against it. Such machines are used 
not only for severing round stock but also for cutting off square 
and rectangular bars, rails, I-beams, channels and other struc-. 
tural steel shapes. 


Cutting-off Tool Post — The tool block used on the cross slide of a 


turret lathe or other machine for carrying the tool for cutting off 
the completed piece of work from the bar of material held in the 
chuck. The tool post may be made to receive a straight tool or 
a circular cutter. 
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D 

Daniels Planer — See Planer. 

Dead Center — The center in the tail spindle of a lathe or grinder 
which does not revolve. 

Derrick — Structure consisting of a fixed upright and an arm hinged 
at bottom, which is raised and lowered and usually swings around 
to handle heavy loads. 

Dial Feed —A revolving disk which carries blanks between the 
punch and die. 

Diamond Hand Tool — Used for dressing grinding wheels after they 
have been roughed out with the cheaper 
forms of cutters. Fixed diamonds are 

a et usually considered better than those 
held by hand. 

Die Chasers — Threaded sections inserted in a die head for cutting 

bolts and screws. 


Die, Screw Plate or Stock—A frame or 
+ handle for holding a threading die. Some- 
times die and handles are of one piece. 


Die, Spring or Prong — Die with cutting 
portions in the end of prongs; can 
be adjusted somewhat by springing 
prongs together with a collar on 
outside. 

Dies, Bolt — Dies for cutting bolts. Some are solid, others adjustable. 
Some for hand die stocks or plates but mostly for machine bolt 
cutters. 
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Bending Dies, Compound — In compound bending dies of the type 
shown the work is car- 
ried down into the die 
by punch A, and held 

Dames there while the beveled 

Y fingers B act upon the 

7 alison C and bane them 

" to move forward in the 

top of die D and bend 

the material to the out- 
line of the punch. Upon 
the up-stroke of the 
punch the slides C are 
pressed outwardly by 
their springs and the 
bent piece of work is removed by the punch from the die. It will 
be seen that the holder for punch A, upon which depends the in- 
terior form of the piece being bent, is not positively secured in its 
holder, but is instead adapted to slide up and down in its seat, 


7 


= 
a 


— 

A 
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although prevented from turning by a small pin at the upper end 
of the shank which is engaged by a slot in the punch carrier. The 
springs shown above the punch proper tend to hold the punch in 
its lower position and at the same time after the punch has passed 
down into the die allow the punch carrier to descend still further 
to press fingers B into operation against slides C which bend the 
work to the outline of the punch. 


Bending Dies, Plain— Simple bending 
z dies are made with the upper face of 
the die and the bottom of the punch 
shaped to conform to the bend it is 
desired to give the blank. A common 
type is shown in the engraving. 


In simple bending dies the upper face of the die is cut out to 
the desired form and the piece of work formed to required shape 
by being pressed directly down into the die by the punch. 


fet Blanking Dies — Blanking dies are about 

the most commonly used of all the 
varieties of press tools. A simple form 
of die is seen in the illustration. The 
strip of sheet metal is fed under the 
stripper and is prevented by that mem- 
ber from lifting with the punch upon 
the up-stroke, following the punching 
out of the blank. Where several 


iS} q A : 
Ow a 4 punches are combined in one hole for 
blanking as many pieces simultane- 
5 ously, they are known as multiple 
tripper Py J 


blanking tools. 


Bulging Dies — The “before and after” 
sketches show the character of the 
work handled in bulging dies. The 

— shell after being drawn up straight 
is placed over mushroom plunger A 
atvew in the bulging die, and when the 
punch descends the rubber disk B is 
forced out, expanding the shell into 
——— the curved chamber formed by the 
punch and die. Upon the punch 
ascending, the rubber returns to its 
original form and the expanded work 
is then removed. 


A 


Burnishing Dies — Burnishing dies are made a little smaller at the 
bottom than at the top and when the work is forced down through 
the die, the edge of the piece is given a very high finish making 
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i polishing and hand finishing operations unnecessary. The bur- 
nishing process forms a very accurate sizing method also. 


Coining Dies — Coining dies are operated in very powerful presses 
of the embossing type 
similar to those used 
for forming designs 
on silverware, medals, 
jewelry, etc. The po- 
sition of the work, 
the retaining coller 
and the dies are indi- 
cated at A, B, and C, 
In the latter section the coin is shown delivered at the top of the 
die. 
Combination Dies—Combination dies are used in single acting 
presses for such work as cutting a blank and at the same stroke 
durning down the edge 
and drawing the piece 
into the required 
shape. In most cases 
the work is pushed out 
of the dies by the ac- 
tion of a spring. Such 
a set of dies is shown 
in the engraving, for 
making a box cover 
The Work as Drawn and body. The work 
is blanked by cutting- 
punch A, and formed 
to the right shape by 
B and C, the former | 
holding the piece by 
spring pressure to the 
block C while punch A, 
continuing to descend, 
draws the box to the required shape. Ring D acts as an 
ejector or shedder and is pressed down, compressing the rubber 
at £ during the drawing operation, and upon the up-stroke of the 
punch, ascends and ejects the work from the dies. 

Dies of this type, with a spring actuated punch or die inside the 
regular blanking tool, are often used for simultaneously blanking 
and piercing, blanking and bending, etc. 

It will be noticed that the lower view in the group showing the 
work at the right-hand side of the sectional illustration of the die, 
represents the box cover and body as they appear when assembled 
after the superfluous metal in the flange or “‘ fin” has been re- 
moved in a trimming die. This fin as left on the piece when com- 
ing from the combination die is shown in the view immediately 
under the blank. <A trimming die for finishing such work evenly 
is shown on page 597. 


The Finished 
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Compound Dies—Com- 
pound dies have a die 
in the upper punch 
and a punch in the 
lower die. The ferrule- 
making tools shown have 
a blanking and outer 
drawing punch A, with 
a central die B, to re- 
ceive lower punch C 
which cuts out the cen- 
‘ter of the ferrule blank 
and allows the metal to 
be drawn down inside 
as well as outside of the 
bevel edged member D. 
As the work is drawn 
down ring £ descends 
compressing rubber cush- 
ion F below and upon 
the return movement the 
ferrule is ejected from the 
die. 


Cupping Dies — Used for drawing up a cup froma disk or planchet. 


Same as drawing dies. 


Curling Dies — Curling dies are used for producing a curled edge 


around the top of a piece drawn up 
from sheet metal. When the top is to 
be stiffened by a wire ring around 
which the metal is curled, a wiring die 
is used, the construction of which is 
practically the same as the curling die. 
The illustration shows a curling die 
and the appearance of a shell at 
various stages during the operation 
of curling over the edge. The dia- 
grams A, B, C, D, show the progress 
in the curling process as the punch 
descends, pressing down on the edge 
of the straight drawn shell. 


Dinking Dies — Dinking dies, or hollow cutters, although not usu- 


& 


ally classed with regular dies are used 
so commonly as to entitle them to be 
listed in that class. They are adapted 
to punching out all sorts of shapes 
from Jeather, cloth, or paper, The 
edges of the dies (a few specimens of 
which are shown in the engraving) are 
usually beveled about 20 degrees out- 
side. Where made for press use the 
handle is omitted. As a surface for 
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the cutting edge of the die to strike on, a block is built up of 
seasoned rock maple, set endwise of the grain. 


Double Action Dies — This type of die is used in a press which has 
a double acting ram; that is, there are two slides, one inside the 
other, which have different strokes. 
To the outer slide is fastened the com- 
bined cutting punch and blank holder 
A, which is operated slightly in ad- 
vance of the drawing punch B actu- 
ated by the inner slide. The blank 
upon being cut from the stock by A, 
drops into the top of the die at C and 
is kept under pressure by the flat end 
of cutting punch A to prevent its 
wrinkling, while punch B continues 
downward drawing the metal from 

between the pressure surfaces and into the shape required. 


Drawing Dies, Plain — Dies of the type 


shown can be used for shallow draw- 
ing only, as there is no pressure on 
the blank to prevent its wrinkling 


when forced down into the die by 
the punch. The blank fits the recess 
A in the upper face of the die and 
the die itself which is slightly tapering 
is made the diameter of the punch 
plus twice the thickness of the wall 
required for the shell. The bottom 
edge B of the die strips the shell from 
the punch when the latter ascends. 
Re-drawing dies are used for drawing 
ak out a shell or cup already formed 
from the sheet metal. In the illus- 
tration, a shell ready for re-drawing 
is shown in position in the dies, which 
need little explanation. The work is 
located in the upper plate A, and after 
being forced through the die B, is 
stripped from the punch by edge C. 
Ordinarily, a shell which is to be 
given considerable elongation, is passed through a number of re- 
drawing dies. 

Re-drawing dies are sometimes referred to as reducing dies, 
although the latter, as explained under the proper heading on 
page 594, are used for drawing down the end of a shell only, as 
in the case of a cartridge shell, which is made with a neck some- 
what smaller in diameter than the body. 


Shell produced 
in first Operation 
= 
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Fluid Dies — Water or fluid dies are used 
for forming artistic hollow ware of 
silver, and other soft metals, in exact 
reproduction of chased work. The 
die as shown is a hinged mold cast 
from carved models and finished with 
all details clean and sharp. The 
shell to be worked is filled with 
liquid and enclosed in the die and 
a plunger in the press ram then de- 
scends and causes the fluid to force 
the metal out into the design in the die. 


Follow Dies — Follow tools consist of two or more punches and 
dies in one punch holder and die body, these being arranged in 
tandem fashion so that after the first 
operation the stock is fed to the next 
point and a second operation per- 
formed; and soon. In the die shown, 
which is for making piece 4, the strip 
of metal is first entered beneath stripper 
B far enough to allow the first: shell 
to be drawn at the first stroke by 
punch C and die D. The metal is 
then moved along one space and the 
shell drawn at the first stroke is cen- 
tered and located within the locating 
portion of piercing die E. At the 
* next stroke the hole in the center is pierced with punch F, and 
a second shell drawn in the stock by punch and die C and D. 
The stock is then fed forward another space and the blanking 
punch G cuts out the piece from the metal. At the same stroke 
a third piece is being formed on the end of the stock and a sec- 
ond hole pierced. Thus three operations are carried on 
simultaneously. 


Gang Dies — Gang tools have two or more punches and dies in one 


holder for making as many openings 
in a blank at one stroke of the press. 
Sometimes dies which perform a num- 
ber of operations on a piece which is 
fed along successively under one punch 
after another are called “gang” dies; 
strictly speaking, however, such tools 


are “follow” dies. Where a large num- 

ber of punches are combined they are 

called a multiple punch, or if they are 
of quite small diameter for piercing are sometimes known as 
perforating punches. 
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' Heading Dies — Heading dies strike up the heads on cartridges and 
other shells, and are generally operated in a horizontal heading 
machine. 

Index Dies — For certain classes of work such as notching the edges 
of large disks or armature punchings, an index die is sometimes 
used consisting of a rotary index plate adapted to carry the work 
step by step past the punches which cut out one notch or a series 
of notches at each stroke of the press. 

Perforating Dies — Perforating tools consist of a number of piercing 

tools in one set of dies 

and may be called also 
multiple piercing tools. 

In the example shown, 

which punches a large 

number of holes in a 

disk, the work is held 

by the spring-controlled 
pressure-pad 4 against 

the face of the die B 

while the punches at 

C are forced down 

Disk through the sheet metal. 

cw In this case the punches 

are easily replaced when 

broken, by unscrewing 

the holder from the shank and slipping the small punch out from 
the back. 

Piercing Dies — Piercing tools are used for punching small holes 
through sheet metal. Where arranged for punching a large 
number of holes simultaneously they are often called perforating 
dies. 

Piercing Dies, Compound — Compound piercing tools have, in addi- 
tion to the regular punches carried by the holder in the ram, a 
set of horizontal punches for making holes through the sides of 
the work. These side punches are operated by slides moved 
inward by wedge-shaped fingers, the arrangement being the 
same ag in the case of the compound bending dies, an illustration 
of which is given under that head. 

Reducing Dies — Reducing dies are re-drawing dies for reducing a 

portion of the shell only, whereas the regular re-drawing die 

reduces the whole length. Reducing dies for cartridge shells 
form the familiar “bottle neck” shell now so commonly manu- 
factured, with a larg body for the powder and a smaller neck into 
which the bullet is secured. In dial feed presses ordinarly em- 
ployed for cartridge making operations, two or more reducing 
dies are often used for shaping the neck of the shell to the re- 
quired dimensions, each die operating in turn upon the shell as it 
is carried around step by step under the press tools by the inter- 
mittent rotary movement of the feeding dial. 

MM 
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Riveting Dies — Riveting dies for the 
punch press are provided with cavi- 
ties in the working faces to suit the 
shape of the head it is desired to pro- 
duce on the ends of the rivets. 


Sectional Dies — Frequently dies of com- 
plicated outline are built up in sec- 
tions to enable them to be more easily 
constructed and kept in order. ‘This 
form is resorted to often in the case 
of large dies where a break at one 
point would mean considerable ex- 
pense for a new die. Also the diff- 
culties of hardening are reduced with 
the sectional construction. As shown, 
the various parts are secured to a 
common base or holder. 


Shearing Dies — Shearing dies are used 
for cutting-off operations, and are fre- 
quently combined with other press 
tools so that after certain operations on 
a piece it can be severed from the end 
of the stock. The shearing tools in 
the engraving are arranged for simply 
cutting up stock into pieces of the 
required length and the punch itself 
is of the inserted type secured by 
pins in its holder. 


Split Dies — Split dies form one type of sectional die — the simplest; 
they are made’ in halves to facilitate working out to shape, hard- 
ening, and economical maintainance. 

Sub-press Dies — A sub-press and its tools are represented on the 
following page. Such tools are used for small parts which have 
to be made accurately and are very common in watch and type- 
writer shops and similar places. The tools are held positively in 
line in this press and as a result their efficiency is maintained 
indefinitely. The press is slipped bodily into the regular power 
press with the base clamped to the press bed and the neck of the 
sub-press plunger connected with the ram of the press. 
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Sub-Press with Tools for a Watch Wheel 
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Swaging Dies — Swaging operations are resorted to where it is de- 
sired to shape up or round over the edges of work already blanked 
out. Thus in watch wheel work the arms and inside edges of 

: the rims are sometimes swaged to a nicely rounded form subse- 

quently to the blanking out of the wheel in the sub-press. Swag- 

ing dies for such work are of'course made with shallow impressions 

* which correspond to a split mold between the two halves of which 

i the blank is properly shaped. 

Bullet swaging dies receive the slug as it comes from the bullet 
mold and shape the end to the required cone point. 

Trimming Dies — Trimming dies remove 
the superfluous metal left around the 
edges or ends of various classes of 
drawn and formed work. In the case 
shown, the box body A has been 
drawn up and a fin left all the way 
round; this is dropped into the trimming 
die B and the punch C in carrying it 
through the die trims the edge off evenly, 
as indicated. Work of the nature 

shown in this illustration is blanked, drawn up and formed ready 

for trimming, by means of combination tools, a typical example 
of which will be found under the combination die heading on 
page 590. The box body illustrated here as it appears before and - 
after trimming is shown in connection with the combination dies 
as it appears in the blank, after it is formed, and after assembling 
with its cover. 


Triple-action Dies — These dies are used in triple-acting presses, 
where in addition to 
the double-action slides 
which take the place of 
the regular single-acting 
ram, there is also a 
third slide or plunger 
which operates under 
the table or die bed. 
Thus a piece like that 
shown which has to be 
blanked, drawn and 
embossed, is operated 
upon from above by 
the cutting and draw- 
ing punches A and B, 
and upon the latter 
carrying the drawn 
work down to the face 
of the embossing die C, that die is forced upward by the plunger 
D beneath and gives the piece the desired impression. On the 
up-stroke of the punch the work is stripped from it by edge Z and 
falls out of the press. 
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Y YN Wiring Dies— Wiring 
yl dies are much the 

g Yy same in construction 
V0? as plain curling dies. 


L————-Sholl-to-be-Wised— = —ot 


In the engraving, the 
wire ring is shown at 
A around the top of 
the shell to be wired 
and in a channel at 
the top of the spring- 
supported ring B. As 
indicated in the lower 
illustration, the punch 
as it descends, de- 
presses the ring B 
and curls the edge of 
the shell around the 
wire ring A. 


Disks, Reference — Accurate disks of standard dimensions for setting 
calipers and measuring with. Usually of hardened steel. 


Divider, Spring — The spring tends to force 
the points apart and adjustments are made 
by the nurled nut on the screw. 


Doctor — Local term for adjuster or adapter so that chucks from 
one lathe can be used on another. Sometimes used same as 
“dutchman.” 

Dog — Name given to any projecting piece which strikes and moves 
some other part, as the reversing dogs or stops on a planer or 
milling machine. Sometimes applied to the pawl of a ratchet. 

Dog, Clamp — Grips work by clamping with the two parts of the 
dog. ‘There are many types both home-made and for sale. 

Dog, Lathe — Devices for clamping on work so that it can be re- 
volved by face-plate. Straight tail dogs are driven by a stud on 
face-plate. Curved tail (usual way) dogs have the end bent to 


go into a slot in face-plate. 
@& i =_ 
a 


e 
Clamp Dog Straight Tail 


Bent Tail 
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_ Drag — The bottom part of a flask, sometimes called the nowell. 
_ Draw Bench — Place where wire is drawn from rods, being drawn 


Drift — A tool for cutting 


through plates or bull blocks with successively smaller openings. 


out the sides of an opening while driven 


through with a hammer. 


DRILLS 


~, Center Drill— The short drills used for cen- 

Tees. tering shafts before facing and turning are 

Drill called center drills. The drill and reamer 

or countersink for the 60 degree center hole 

Bee ~~ Ss when combined as shown allow the center- 

k Combinali ing to be done more readily than when 
eke separate tools are used. 

Core Drill — The core drill is a hollow tool which cuts out a core 

instead of removing the metal in the form of chips. Such 


meres () bi oor) 


drills are generally used to procure a. 
core from the center of castings or 
forgings for the determination of the 


tensile strength or other physical properties of the metal. 


Gun Barrel Drill — Gun barrel drills are run at high speed and 
under very light feed, oil being forced through a hole in the drill 


3 Seem} 


to clear the chips and cool the cut- 
ting point and work. The drill itself 
is short and fastened to a shank of 
suitable length. 


Hog Nose Drill — More like a boring tool. Mostly used for boring 
out cored holes. Must be very stiff to be effective but when 
made right and used to advantage, does lots of hard work. 


Hollow Drill — The hollow drill is for deep-hole drilling. It has 


These 


Oil-drill (Morse) 


Flat 


an opening through the body and is 
attached. to a shank of the necessary 
length for the depth of hole to be 
drilled. 

drills convey lubricant to the point, 
through holes formed in the solid metal. 
Where the drills are larger than 2} 
inches an inserted copper tube is em- 
ployed to carry the oil to the drill point 
and wash out the chips and keep the drill 
cool. The oil enters through the hollow 
shank or through a connection. at the 
side as shown. 


Ratchet Drill — The square taper shanks 
of these drills are made to fit a ratchet 
for drilling holes by hand. 
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Shell Drill — Shell drills are fitted to a taper 
shank and used for chucking out cored 
holes and enlarging holes drilled with 
a two-flute twist drill. The angle of 
the spiral lips is about 15 degrees. 


Straight Flute Drill — The straight flute, or “Farmer” drill as it is 

frequently called after its inventor, does not clear itself as well 
as the twist drill does, but is stiffer, 
and does not “run” or follow blow- 
holes or soft spots as readily as the 
twist drill. It is also better for drilling brass and other soft 
metals. 


Three and Four-groove Drills — Where 
large holes are to be made in solid stock, 
it is advisable to use a three or four 
groove drill after running the required 
two-flute drill through the piece. ‘These 
drills will enlarge the hole to the size 
required and are also useful in boring 
out cored holes in castings. 

Twist Drill — Usually made with two flutes or grooves, running 

around the body. This furnishes cut- 


QSL :CUsét ing edges and the chips follow the flutes 


out of the hole being drilled. 
CS Wood “Drill (Bit) — Bits for wood drilling 
Pod are made in various forms. ‘The pod 
drill is cut out hollow at the working 
end; the double flute spiral drill has a 
Bit Point regular bit point; the single flute drill 
is full diameter for a short distance only 
and is cleared the rest of the length as 

Single Flute indicated. 

Drill, Chain — Device to be used in connection with a brace or 
breast drill in many places where it is not convenient to bring a 
ratchet drill into use. 

Drill Speeder — Device which goes on drill spindle and gears up the 
speed of drills so that small drills can be used economically on 
large drill presses. 

Drill Vise — See Vise, Drill. 


Three Groove 


Four Groove 


Drill, Radial — Parts of 


1. Vertical driving-shaft gear. 6. Vertical driving shaft. 

2. Center driving-shaft gear. 7. Column sleeve. 

3. Elevating tumble-plate‘seg- 8. Elevating-lever shaft. 
ment. g. Elevating screw. 

4. Elevating-screw gear. ro. Arm girdle. 


5. Column cap. 11. Arm-binder handle. 


12. 
13. 
14. 
PSs 
16. 
Ey. 
18. 
TQ. 
20. 
21. 
22. 
23. 
24. 
25. 
20. 
27. 
28. 


29. 


DRILLS — Continued 601 


aponnonnnanannsenengnsnnit} 20 


ya | 


RADIAL DRILL—FULL UNIVERSAL— BICKFORD 


Arm-miter gear guard. 


Arm-worm box. 
Arm pointer. 

Full universal arm. 
Arm-clamping nuts. 
Arm-dowel pin. 
Arm shaft. 

Arm ways. 

Arm rack. 

Saddle. 

Reversing lever. 
Back-gear lever. 
Head-swiveling worm. 
Feed-trip lever. 
Index gear. 
Universal head. 
Quick-return lever. 


Feed-rack worm shaft. 


. Spindle sleeve. 

. Feed rack. 

. Spindle. 

. Saddle-binding lever. 

. Feed hand wheel. 

. Head-moving gear. 

. Arm-swinging handle. 
. Elevating lever. 

. Clamping ring. 

. Clamping-ring handle. 
. Column. 

. Column driving-miters. 
. Driving-shaft coupling. 
. Driving pulley. 

. Speed-change lever. 

. Speed-box case. 

. Box table. 

. Base. 
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DRILL PRESS —CINCINNATI MACHINE 
; TOOL COMPANY 
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Drill Press — Parts of 


rt. Main driving gears, bevel. 18. Feed-change handle. 

2. Back gears. 19. Sliding head. 

3. Upper cone pulley. ; 20. Face of column. 

4. Yoke to frame. 21. Back brace. 

5. Feed gears. 22. Belt shifter. 

6. Counterweight chains. : 23. Rack for elevating table. 
7. Feed shaft. 24. Table-arm clamping screws. 
8. Spindle. 25. Pulley stand. 

9. Back-gear lever. 26. Lower cone pulley. 

ro. Column. 27. Belt-shifting fingers. 

tr. Automatic stop. 28. Tight and loose pulleys 
12. Spindle sleeve. 29. Table. 

13. Feed-trip lever. 30. Table-clamp screw, 

14. Hand-feed wheel. gi. Table arm. 

15. Quick-return lever. 32. Table-adjusting gear. 
16. Feed gearing. 33. Base. 

17. Feed box. 34. Ball-thrust bearing. 


Drive or Force Fit — See Fit. 

Dry Sand Molds — Molds made of green sand and baked dry in 
ovens or otherwise dried out before pouring. 

Dutchman — Local term for a wedge or liner to make a piece fit. 
Used to make a poor job useable, A round key or pin fitting 
endwise in a hole drilled half in a shaft and half in the piece to 
be attached thereto. 


S E 

Ejector — An ejector on punch press work is a ring, collar or disk 
actuated by spring pressure or by pressure of a rubber disk, to 
remove blanks from the interior of compound and other dies. It 
is often called a shedder. 

Elliptic Chuck — See Chuck, Oval. 

Emery Jointer — Grinder for making a close joint between the share 
and mold board of steel plows. 

Emery Wheel Dressers — See Grinding Wheels and Diamonds. 

End Measuring Rod — Arranged for internal measurements similar to 
the internal cylindrical gages. 

Expanding Arbor or Mandrel — See Arbor. 

Extractor, Oil— Machine for extracting oil from iron and metal 
chips. Revolves rapidly and throws out the oil by centrifugal 
force. 


F 
Face Cam — See Cam, Face. 


Face Plate — The plate or disk which ‘screws on the nose of a lathe 
spindle and drives or carries work to be turned or bored. Some- 
times applied to table of vertical boring mill, 


Face Reamer — See Reamer, Face. 
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Feather — Might be called a sliding key — sometimes called a spline. 
Used to prevent a pulley, gear or other part, from turning on the 
shaft but allows it to move lengthwise as in the feed shaft used 
on most lathes and other tools. Feather is nearly always fastened 
to the sliding piece. 

Field — Usually the stationary part of a dynamo or motor, 

Files — Tools of hardened steel having sharp cutting points or teeth 
across their surface. ‘These are forced up by a chisel and ham- 
mer. 

Filing Machine — Runs a file by power, usually vertically. Useful 
in many kinds of small work. 

Fin — The thin edge or mark left by the parting of a mold or die. 
In drop forge work this is called the “flash.” 

Fit, Drive or Force or Press — Fitting a shaft to a hole by making the 
hole so the shaft can be driven or forced in with a sledge or some 
power press, often requiring many tons pressure. 

Fit, Running or Sliding — Enough allowance between shaft and hole 
to allow it to run or slide without sticking or heating. 

Fit, Shrink — Fitting a shaft to a hole by making the hole slightly 
smaller than the shaft, then heating the piece with the hole till it 
expands enough to allow shaft to enter. When cool the shaft is 
very tightly seized if the allowance is right. 

Fit, Wringing — A smaller allowance than for running but so that 
the shaft can be twisted into the hole by hand. Usually applied 
to some such work as a boring bar in a horizontal boring ma- 
chine. Sometimes used in connection with twisting two flat sur- 
faces together to exclude the air. 

Flask — The frame which holds the sand mold for the casting. 
Includes both the cope and drag. 

Flat Reamer — See Reamer, Flat. 


Flatter — Round face. A blacksmith’s 
tool which is held on the work and 
struck by a sledge. Used to take out 

oe hammer marks and smooth up a forg- 


ing. 


Flute — Shop name for a groove. Applied to taps, reamers, drills 
and other tools. 

Fly-wheel — Heavy wheel for steadying motion of machinery. On 
an engine it carries the crank past the center and produces a 
uniform rotation. 

Follower Rest — A back rest for supporting long lathe work; attached 
to the carriage and following immediately behind the turning tool. 

Foot Stock — The tail stock or tail block of a lathe, grinder, etc. 

Force — A master punch which is used under a powerful press to 
form an impression in a die. Forces are commonly employed in 
the making of coining and other embossing dies. A similar tool 
used by jewelers is called a “hub.” It is sometimes referred to 
incorrectly as a “hob.” 
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Forge — Open fireplace for heating metals for welding, forging, etc. 
Has forced draft by fan or bellows. 

Forging Press — Heavy machine for shaping metal by forcing into 
dies by a steady pressure instead of a sudden blow as in drop 
forging. Similar to a bulldozer. 

Fork Center —A center for driving woodwork in the lathe. Also 
used in hand or fox lathes for driving special work. 

Fox Lathe — Lathe for brass workers having a ‘“‘chasing bar” for 
cutting threads and often has a turret on the tail stock. 

Franklin Metal — An alloy having zinc as a base, used for casting in 
metal molds. 

Fuller — Blacksmith’s tool something like a hammer, having a round 
nose for spreading or fulling the iron under hammer blowers. 


J = 


Anvil Fuller Hand Fuller 


Furnace, Muffle— Furnace for heating steel 
to harden, in which the flame does not 
come in contact with the metals. 


Furniture — In machine shops applies to tool racks, lathe pans, tote 
boxes, etc. 

Fuse — A piece of metal which melts when too much current passes 
and acts as a safety valve. 


GAGES 


Depth Gage—A tool for measuring the 
depth of holes or recesses. The body is 
placed across the hole while the rule is 
slipped down into the hole to be meas- 
ured. In many cases the rod is simply 
a wire and not graduated. 


Drill Gage — Flat steel plate drilled with different size drills and each 
hole marked with correct size or number. 
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Feeler or Thickness Gage — Has blades of 
different thicknesses, in thousandths of 
an inch, so that slight variations can 

be felt or measured. 
CSE 
Gear Tooth Depth Gage — A gage for meas- 
\ : Oni} uring the depth of gear teeth. Requires 
a different gage for each pitch. 


Limit Gage — A plug or other gage having 
one end larger and the other smaller 
than the nominal size. If the small 
end of the plug goes in but the large 

end does not, the size is between the two and within the limits of 

the gage. Similarly, in the case of a female limit gage, if the large 
end of the gage goes over the piece of work and the small end 
does not go over it, the work is within the established limits. 

Ordinarily, one end of a limit gage is marked “ Go,” and the 

other end ‘‘ Not Go,” or else they are stamped +- and —. 


Plug and Ring Gage — Gages for use in 
measuring inside and outside work or 
for use in setting calipers. 


Radius or Curve Gage — Made like a feeler or thread gage but has 
each blade with a given outside radius on one end and inside 
radius on the other for gaging small fillets or round edges. 

Scratch Gage — For scratching a line at 
a given distance from one side of 
a piece. Adjustable for different 


lengths. 


Snap Gage — A solid caliper used for either 
inside or outside measurement. ‘This 
shows a combined gage for outside 
and inside work. Sizes can be the same 
or give the allowance for any kind of fit 
desired. 


Surface Gage — A tool for gaging the hight 
between a flat surface such as a planer 
table or a surface plate and some point on 
the work. This can then be transfered to 
any other point. 
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Thread Gage — Tool with a number of 
blades, each having the same number 
of notches per inch as the thread it rep- 
resents. Made for different kinds of 
threads and in various forms. 


Wire Gage — Gage for measuring sizes 


of wire. The wire fits between the 
sides of the opening, not in the holes. 
Sometimes made in the form of a 


circular disk. 
Worm Thread Tool Gage — For grinding thread tool for worm threads 
— 29 degree angle. 


Gang Tool — A holder with a number of 
“tools, generally used in the planer but 
sometimes in the lathe. Each tool cuts 

a little deeper than the one ahead of it. 


GEARS © 


Angular Gears — Sometimes applied to bevel gears and also to spur 
gears with helical or skew teeth. See those terms for definition. 

Annular Gear — Toothed ring for use in universal chucks and simi- 
lar places. Teeth can be on any of the four faces although when 
inside it is usually called an internal gear. 


Bevel Gears — Gears cut on conical surfaces to 
transmit power with shafts at an angle to 
each other. When made for shafts at right 
angles and with both gears of the same size 
are often called “miter” gears. Teeth may 
be either straight, skew or herring bone. 


Crown Gear — A gear with teeth on the side of rim. Used before 
facilities for cutting bevel gears existed. Seldom found now. 
Elliptical or Eccentric Gears — Gears in 
2 which the shaft is not in the center. 
J) 20 May be of almost any shape, oval, 
heart-shape, etc. Printing presses 
usually have good examples of this. 
Helical Gears — Gears having teeth at an angle across the face to 
give a more constant pull. Also give side thrust. More often 
called “skew” teeth. 


Herring-bone Gears — Gears having teeth cut 
at a double angle. Made by putting two 
helical or “skew” tooth gears together, 
Does away with side or end thrust. 
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Intermittent Gears — Gears where the teeth 
are not continuous but have plain sur- 
faces between. On the driven gear 
these plain surfaces are concave to fit 
the plain surface of the driver and the 
driven wheel is stationary while the 
plain surfaces are in contact. 


Internal Gears — Gears having teeth on 
the inside of a ring or shell. 


Module or Metric Gears — French system of making gears with metric 
measurement. Pitch diameter in millimeters divided by the 
number of teeth in the gear. 

Pin Gear — Gear with teeth formed by pins.such as the old lantern 
pinion. Also formed by short projecting pins or knobs and only 
used now in some feeding devices. 

Quill Gears — Gears or pinions cut on a quill or sleeve. 

Skew Gears — See Helical. 


Spiral Gears — Spur gears with spiral teeth 
which run together at an angle and do the 
work of bevel gears. 


Spur Gears— Wheels or cylinders whose 
shafts are parallel, having teeth across 
face. Teeth can be straight, helical or 
skew or herring bone. 


Staggered Tooth Gears — Made up of two or more straight tooth spur 
gears, teeth set so that teeth and spaces break joints instead of 
presenting a continuous pull. 

Worm Gears — Spur gears with teeth cut on angle to be driven by a 
worm, ‘Teeth are usually cut out with a hob to fit the worm, 
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Sprocket Gears— Toothed wheels for chain 
driving. A is the regular and B is a hook 
tooth for running one way only. 


Gear Teeth — The projections which, meshing together, transmit a 
positive motion. The involute curve tooth is now almost univer- 
sal. The older form has a 14} degree pressure angle but some are 
using a shorter tooth, known as a “‘stub”’ tooth, with 20 degrees 
pressure angle. An inyolute tooth rack has straight sides to the 
teeth. 

Gears, Pitch of — Chordal, distance from center of one tooth to center 
of next in a direct line. 

Circular, distance from center of one tooth to center of next 
along the pitch line. 
Diametral, number of teeth per inch of diameter. 

Geneva Motion —A device which gives a 
positive but intermittent motion to the 
driven wheel but prevents its moving 
in either direction without the driver. 
The driver may have one tooth as shown 
or a number if desired. Also made so 
as to prevent a complete revolution of 
the driven wheel. 

German Silver — An alloy of copper 60 parts, zinc 20 parts, nickel 
20 parts. 

Gib — A piece located alongside a sliding member to take up wear. 

Gland — A cylindrical piece enveloping a stem and used in a stuffing- 
box to make a tight joint. 

Green Sand Molds — Molds made of sand that is moistened for 
molding and not dried out or baked before pouring. 


Grinder, Disk — A grinding machine hay- 
ing steel disks which are covered with 
emery cloth. Some disks have spiral 
grooves to give cushions under the 
emery cloth. 


Grinder Wheel Dresser — A tool consisting of pointed or corrugated 
disks of hard metal which really break 
or pry off small particles of the grinding 
wheel when held against its rapidly re- 
volving surface. 


GRINDING MACHINE 
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61T 


e 
Grinding Machine — Parts of 


. Internal grinding fixture. 

. Water guard supports. 

. Water guards. 

. Plain back rests. 

. Universal back rest. 

. Automatic cross-feed pawl. 


. Table-reversing dogs. 
. Headstock index finger. 
. Live spindle-locking pin. 


HoH 
HOD ON ANBRW HH 


. Headstock. 

. Dead center pulley. 

. Work driving arm and pin. 
. Headstock center. 

. Headstock base. 

. Cross-feed hand wheel. 
. Reversing lever. 

. Water piping. 

. Wheel-driving pulley. 

. Wheel guards. 

22. Spindle box. 

23. Wheel stand. 

24. Wheel-stand platen. 


HoH HH 
npwWhn 


DoH HHH 
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. Starting and stopping lever. 


. Live spindle-driving pulley. 


. Wheel-stand slide. 

. Footstock center. 

. Diamond tool-holder. 
. Footstock. 

. Tension adjusting knob, 
- Quick-adjusting lever. 
. Clamping lever 

. Clamping bolt. 

. Table scale. 

. Bed water guard. 

. Sliding table. 

. Swivel table knob. 

. Swivel table. 

. Hand wheel. 

. Table travel control. 
. Automatic cross-feed. 
. Universal chuck. 

. Tooth rest. 

. Center rest. 

. Face-grinding chuck. 
. Face plate. 

. Internal grinding counter. 
. Work-driving dogs. 


Grinding Wheels Common types of grinding wheels made of 
émery, corundum, carborundum and alundum, are the disk, ring, 


saucer, cup and cylinder. 


Disk and ring wheels are used on the 


periphery; saucer wheels on the thin edge; cup and cylinder 
wheels on the end. The latter are commonly used for surface 


grinding. 


/ 
MMM 
Cup 


Cylinder 


See pages 224 and 225 for other shapes. 


LLLLLLA_ VLA 
Disk 


Ci BEE PAE 
Ring 


Saucer or Dish 
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Gripe — Local name for machine clamp. 

Ground joint — A joint finished by grinding the two parts together 
with emery and oil or by other abrasives. 

Ground — A connection between the electric circuit and the earth. 

Gudgeon — Local name for a trunnion or bearing which projects 


from a piece as a cannon. 
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Guide Liner — A tool for use in locomotive 
work for lining up guides and cross heads. 


Half Nut — A nut which is split ee Sometimes half is used 
and rides on screw, in others both halves clamp around screw as 
in the half nut of a lathe carriage. 


Hammer — The common types of machin- 
ists’ hammers are the ball peen, straight 
peen and cross peen, as shown. The 
so-called engineer’s and the riveting 
hammers have cross peens. 


Ball Peen 
Straight Peen Cross Peen 
Riveting Engineers 


Hammer, Blacksmith’s Flatter — A flat- 
faced hammer used to smooth the sur- 
faces of forgings. Is held on the work 
and struck by a helper with a sledge. 


Hammer, Bumping or Horning — For closing seams on large cans, 
buckets, etc. 

Hammer, Drop — Hammer head or ‘“‘monkey” or “drop”’ is: raised 
by hand or power and falls by gravity. eee raised by a 
board attached to top of hammer head and running between 
pulleys. Others use a belt. 
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Hammer, Helve — Power hammer in which there is an arm pivoted 
in the center and power applied at the back end while the hammer 
is at the other and strikes the work on an anvil. 


Hammer, Lever Trip — ‘Trips the hammer by a cam or lever and 
allows it to fall. 

Hammer, Spring — Comparatively small hammer giving a great 
variety in the force of blow. This-is controlled by pressure of 
foot on lever. 


Hand Wheels, Clutched — Hand wheels connected to shaft by a 
clutch which can be thrown out by a knob or otherwise so that 
accidental movement of wheel will not disturb setting. Used on 
milling machines and similar places. 


fa 


Hanger, Drop — Shaft hanger to be fastened 
to ceiling with bearing held in lower end, 


Hanger, Post —Shafting hanger for fasten- 
ing to posts or other vertical structures. 


Hardie — Blacksmith’s cutting chisel which 
fits a hole in the anvil and forms the 
lower tool in cutting off work. 


. 


Harveyizing — The surface hardening of steel armor plates by using 
a bed of charcoal over the work and then gas turned on so it 
will soak in from the top. Not adapted to small work. 

Hindley Worm — See Worn. 


Hoist, Chain — Hoist with chain passing through pulley block used 
for hoisting. 

Holder, Drill — Device for holding drill stationary wittle work is 
revolved by lathe chuck, or face place. Not a drill chuck. 

Hooks, Twin or Sister — Double crane hook which resembles an 
anchor and allows load to be carried on either side. 

Hub — A master punch used in making jewelry dies for fancy em- 
bossing, and various forms to which articles of gold and silver are 
to be struck. 

Hunting Tooth — An extra tooth in a wheel to give it one more tooth 
than its mate in order to prevent the same teeth from meshing 
together all the time, 
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Idler or Idler Pulley — See Pulley, Idler. 

Incandescent — A substance heated to white heat as in the bulb of 
a lamp. 

isdacing Compocnd— Indexing by combination of two settings of 
index, either by adding or subtracting. 

Indexing, Differential — Indexing with the index plate geared to the 
spindle, thus giving a differential motion that allows the indexing 
to be done with one circle of holes and with the index crank 
turned in the same direction, as in plain indexing. 

Indexing, Direct — Indexing work by direct use of dividing head of 
milling machine. 

Indicator, Lathe Test — Instrument with multiplying levers which 
shows slight variations in the truth of revolving work. Used for 
setting work in lathe or on face-plate. 

t 

8 

0° Dd 


I Vonract Points 


Plain Indicator & 
Watch Dial 


Induction Motor — A motor which runs by the magnetic pull through 
the air without contact. Usually a constant-speed motor. 


7 


Jack, Hydraulic — Device for raising weight or exerting pressure by 
pumping oil or other liquid under a piston or ram. 


Jack, Leveling — Small jacks (usually screw jacks) 
for leveling and holding work on planer beds 
and similar places. Practically adjustable 
blocking. 

Jack, Screw— Device for elevating weights by 
means of a screw. 

7 Jack Shaft — Sce Shaft, Jack. 

Jam Plates — Old name for screw plates and in 
many cases a true one as the thread was jammed instead of cut. 

Jig, Drill — A device for holding work while drilling, having bush- 
ings through which the drill is guided so that the holes are cor- 
rectly located in the piece. Milling and planing jigs (commonly 
called fixtures) hold work while it is machined in the milling 
machine and planer. Parts produced in jigs and fixtures are | 
interchangeable. 
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5 Joint, Universal — Shaft connection which 
fo) allows freedom in any direction and 
CE still conveys a positive motion. Most 
(E of them can transmit power through 
any angle up to 45 degrees. 
Journal Box — The part of a bearing in which the shaft revolves, ~ 


K 


Kerf — The slot or passageway cut by a saw. 

Key — The piece used to fasten any hollow object to a shaft or rod, 
Usually applied to fastening pulleys and fly-wheels to shafts; or 
locomotive driving wheels to their axles. Keys may be square, 
rectangular, round or other shape and fasten in any way. Are 
usually rectangular and run lengthwise of shaft. 

Key, Barth— This key was invented 
several years ago by Carl G. Barth. 

: S It is simply a rectangular key with 

Vig? one-half of both sides beveled off at 

i 45 degrees. The key need not fit 

le tightly, as the pressure tends to drive 

fate eee it better into its scat. As a feather 

key this key has been used in a great many cases to replace rect- 

angular feather keys which have given trouble. It has also been 
used to replace keys which were sheared off under heavy load. 

Key, Center — A flat piece of steel, with tapered sides, for removing 
taper shank drills from drill spindle or similar work. 


Key, Lewis — A key invented by Wilfred 
Lewis about 20 years ago. Its posi- 
tion is such that it is subjected to com- 
pression only. 


I 


i 
\ f Shaft | Diving” 


| 


Key, Round End — Is fitted into a shaft by 
end milling a seat into which the key is 
secured. Where a key of some length is 

SS, fixed in the shaft and a member arranged 
to slide thereon it is called a feather or 

feather key. 
Key Seater — Machine for cutting keyways in shafts or hubs of 


pulleys or gears. 
Key, Taper — The taper key is made with 
(Gareenes H and without head. The taper is com- 
monly } or 3’; inch per foot. 

Key, Woodruff—A semi-circular key 
E used in various kinds of shafts, studs, 
etc. It is fitted in place by merely 
sinking a seat with a shank mill such 

as the Whitney cutter. 
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Keyway — A groove, usually square or rectangular, in which the key 
is driven or in which a “feather” slides. ‘The groove in both the 
shaft and piece which is to be fastened to it, or guided on it, is 
called a keyway. 

Knurling — See Nurling. 


L 


Land — Space between flutes or grooves in drills, taps, reamers or 
other tools. 

Lap — Applied to seams which lap each other. To the distance a 
valve must move before opening its port when valve is central 
on seat. To a tool usually consisting of lead, iron or copper 
charged with abrasive for fine grinding. See Lap, Lead. 

Lap Cutter — For preparing the ends of band-saws with bands for 
brazing. Uses milling cutters. 

Lap Grinder — This prepares the laps of band-saws by grinding. 

Lap, Lead — Usually a bar of lead or covered with lead, a trifle smaller 
than the hole to be ground. Emery or some fine abrasive is used 
which gives a fine surface. Laps are sometimes held in the hand 
or are run in a machine and thé work held stationary. Also 
consists at times of a lead-covered disk, revolving horizontally, 
which is used for grinding flat surfaces. Very similar in action 
to a potter’s wheel. 

Lathe, Double Spindle — Has two working spindles, so located that 
one gives a much larger swing than the other, and both can be 
used to advantage. Especially good for repair shops. 

Lathe, Engine — The ordinary form of lathe with lead screw, power 


feed, etc. 
Lathe, Engine — Parts of 

1. Rear bearing. 20. Cross-feed screw. 
2. Back-gear case. 21. Cross-power feed. 
3- Cone pulley. 22. Half-nut handle. 
4. Face-gear guard. 23. Regular power feed. 
5. Front bearing. 24. Feed reverse. 
6. Face plate. 25. Gear stud. 
7. Live center. 26. Hand feed. 
8. Dead center. 27. Front apron. 
9: Tail spindle. 28. Rear apron. 
10. Tail-spindle lock. 29. Lead screw. 
11. Tailstock slide. 30. Feed rod. 
12. Locking bolts. 31. Feed gears. 
13. Tailstock base. 32. Feed box. 
14. Tailstock pinion. 33- Change gear handle. 
15. Tailstock hand wheel. 34. Compound gears. 
16, Steady rest. 35. Change-gear handle. 
17. Tool post. 36. Change-gear handle. 
18. Compound rest. 37- Change-gear handle. 


19. Cross-slide. 38. Bed. 
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LATHE, SPINNING 619 


Lathe Apron, Reed — Parts of 


1. Cross-feed screw. 16. Clutch ring. 

2. Cross-slides. 17. Clutch levers. 

3. Wing of saddle. 18. Pinion. 

4. Cross-feed pinion. rg. Gear in train. 

5. Cross-feed gear. 20. Feed-clutch handle. 
6. Cross-feed handle. 20A. Clutch spreader. 
7. Rack. 21. Hand pinion. 

8. Power cross-feed and control. 22. Carriage handle. 
g. Gear in train. 23. Lead screw. 

io. Pinion for cross-feed. 24. Rack pinion knob, 
zz. Main driving pinion. 24h. Rack pinion. 

12. Bevel gear. 25. Feed rod. 

13. Bevel pinion. _ 26. Upper-half nut. 
14. Feed-worm. 27. Lower-half nut. 
15. Feed-worm wheel. 28. Half-nut cam. 


Norre:—Cross-feed is from bevel pinion 13, through gears 12, 11, 9, 
to, and 4. Regular feed is through worm 14, worm wheel 15, 
clutch 16, pinion 18, gears1g and 24A. Hand movement is through 
handle 22, pinion 21, 19 and 24A, 


Lathe, Extension — So made that bed can be lengthened or shortened. 
When bed is made longer, there is a gap near head, increasing the 
swing for face-plate work. 

Lathe, Fox — Brass workers’ lathe having a “fox” or chasing bar for 
cutting threads. The bar has a “leader”? which acts as a nut on 
a short lead screw or “hob” of the desired pitch (or half the 
pitch if the hob is geared down 2 to 1) and carries a tool along at 
the right feed for the thread. Sometimes has a turret on the 
back head. 

Lathe, Gap — Has V-shaped gap in front of head stock to increase 
swing for face-plate work. 

Lathe, Gun — For boring and turning cannons and rapid-fire guns. 

Lathe, Ingot — For boring, turning and cutting off steel ingots. 

Lathe, Precision — Bench lathe made especially for small and very 
accurate die, jig or model work. 

Lathe, Projectile— Simply a heavy lathe for turning up projectiles. 
Sometimes has attachment for pointing them. 

Lathe, Pulley — Especially designed for turning pulleys, can turn 
them crowning or straight. 

Lathe, Roll Turning — For turning rolling mill, steel mill and calendar 
rolls. 

Lathe, Screw Cutting — Having lead screw and change gears for 
cutting threads. 

Lathe, Shafting — For turning long shafts or similar work. 

Lathe, Speed — A simple lathe with no mechanically actuated car- 

riage or attachments. 

Lathe, Spinning — For forming sheet metal into various hollow 
shapes, all circular. Done by forcing against a form of some 
kind (with a single round ended tool) while it is revolving. 
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Lathe, Stone Turning — Specially designed for turning stone columns 
or similar shapes. 

Lathe, Turret— Having a multiple tool holder which revolves. 
This is the turret. Usually takes place of tail or foot stock but 
not always. Usually has automatic devices for turning turret 
and sometimes for feeding tools against work. 


Lathe, Vertical— Name given one type of Bullard boring mill on 
account of a side head which acts very much like a lathe carriage 
and does a large variety of work that would ordinarily be done on 
the face-plate of a lathe. 


Lathe, Watchmaker’s — A very small precision lathe. 


Lead — The advance made by one turn of a screw. Often confused 
with pitch of thread but not the same unless in the case of a 
single thread, With a double thread the-lead is twice as much 
as the pitch. 

Level — Instrument with a glass tube or vial containing a liquid 
which does not quite fill it. The tube is usually ground on an 
arc so that bubble can easily get to the center. Alcohol is gen- 
erally used as it does not freeze at ordinary temperatures. 

Level, Engineers’ — Level mounted on tripod and having telescope 
for leveling distant objects. 


Level, Pocket — Small level to be carried in pocket. 


Level, Quartering — A tool for testing driving wheels to see if crank- 
pins are set go degrees apart. The level 
has a forked end and with the angles shown. 
Placing this on the crank-pin and lining the 
edge with the center of axle should bring 
the bubble of level in the center. If the 
same result is obtained on the other wheel 
the crank-pins are go degrees apart. 

1st Class 


eli Eas os Dw Saat) Levers — Arms pivoted or bearing on 


mat age roy points called fulcrums. Divided into 
2nd Class { three classes as shown. First has ful- 
crum or bearing point between power 


° ° E ; 
sae wena = and weight, second has weight be- 
ee tween power and fulcrum and third 
and Claas has power between weight and ful- 
= = crum, 
Fulerum Power Weight 


Line Shaft — See Shaft, Line. 

Liner — A piece for separating pieces a desired distance; also called 
shim. 

Live Center — See Center, Live. 

Loam Mold — Mace with a mixture of coarse sand and loam into a 
sort of plaster which is spread over brick or other framework to 
make the mold. Used on large castings to produce a smoother 
finish than is to be had with green sand. 
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M 


Machinists’ Clamp — See Clamp. 

Magnet Electro — Usually a bar of iron having coils of insulated 
wire around it which carry current. Permanent magnets are of 
hardened steel with no wire or current around them, 

Mandrel — See Arbor. 

Marking Machine — For stamping trade-marks, patent dates, etc., 
on cutlery, gun barrels, etc. Stamps are usually on rolls and 
rolled into work. 

Master Die —A die made standard and used only for reference 
purposes or for threading taps. 

Master Plate — See Plate, Master. 

Master Tap — A tap cut to standard dimensions and used only for 
reference purposes or for tapping master dies. 

Match Board — The board used to hold patterns, half on each side, 
while being molded on some types of molding machines. 

Measuring Machine — Practically a large bench caliper of any de- 
sired form to measure work such as taps, reamers, gages, etc. 

Measuring Rods — See End Measuring Rods. 

Milling Cutters — See Cutters, Milling. 
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622 MILLING MACHINE — Continued 
Milling Machine — Universal — Parts of 

1. Column. 24. Elevating shaft. 

2. Knee. 25. Elevating screw (telescopic). 
3. Saddle. 26. Saddle-clamp levers. 

4. Swivel carriage. 27. Knee-clamp levers. 

5. Work table. 28. Fixed vertical feed trip. 

6. Over arm. 29. Vertical feed-trip blocks. 

7. Arm brackets (arbor supports.) 30. Door. 

8. Arm braces (harness). 31. Dog driver. 

9. Knee clamp (for arm braces). 32. Change-gear bracket. 

to. Spiral dividing head. 33. Change gears. 

11. Tailstock. 34. Index plates. 

12. Starting lever. 35. Vise. 

13- Oil tubes. 36. Swivel base. 

14. Cutter arbor. 37- Universal chuck. 

15. Speed-changing lever. 38. Driving pulley. 

16, Feed-changing lever. 39. Feed box. 

17. Draw-in rod for arbor. 40. Cross and vertical feed handle. 
18, Arm-clamp screws. 41. Table-feed handle. 

19. Table stops. 42. Clutch-drive collar. 

20. Table-feed trip block. 43. Interlocking lever to prevent 
2t. Fixed table-feed trips. the engagement of more than 
22. Steady rest. one feed at a time. 

23. Cross-feed screw. 


Milling Machine — Operating tool is a revolving cutter. 
for carrying work and moving it so as to feed against cutter. 


Has table 


Milling Machine, Universal — Has work table and feeds so arranged 


may be done. 


that all classes of plane, circular, helical, index, or other milling 
Equipped with index centers, chuck, etc. 


Milling Machine, Vertical — Has a vertical spindle for carrying cutter. 


1. Spindle drawbar cap. 18, Feed-trip dogs, right and left. 
2. Back-gear pull pin. 19. Feed-trip plate. 
3- Spindle-driving pulley. 20. Cross-feed screw. 
4. Spindle head. ar. Feed-clutch lever. 
5. Back-gear sliding pinion and 22. Carriage. 

stem gear. 23. Feed clutch. 
6. Spindle upper box. 24. Table-feed screw. 
6. Spindle lower box. 25. Rotary attachment feed gears. * 
7. Spindle head bearing. 26. Rotary attachment hand wheel. 
8. Head-feed gear. ry 27. Rotary attachment feed rod. 
9. Idler pulleys. 28. Feed-driving cone. 
ro. Standard. 29. Feed bracket. 
tr. Spindle. 30. Universal joint. 
12. Rotary attachment. 3t. Telescopic feed shaft. 
13- Rotary attachment feed-trip 32. Driving cone. 

dog and lever. 33. Driving pulley. 
14. Rotary attachment feed clutch. 34. Knee-elevating shaft. 
15. Rotary attachment base. 35. Knee-elevating telescopic screw. 
16. Table and table oil pans. 36. Face of standard. 
17. Rotary attachment binder. 37. Base. 


Milling Machine —— Vertical — Parts of 
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Miter — A bevel of 45 degrees. 

Mold — The mold consists of the cope and the drag or nowel, with 
the sand inside molded to pattern and ready to pour. 

Mold Board — The board used to put over a flask to keep sand 
from falling when being handled and sometimes used to clamp 
on when fastening molds together. 

Mufflers — Ovens or furnaces, usually of clay, where direct heat is 
not required. 

Muley Belt — See Belt, Muley. 

Muley Shaft — See Shaft, Muley. 


N 


Necking Tool — Tool for turning a groove or neck in a piece of 
work. 

Nose — In shop work applied to the business end of tools or things. 
The threaded end of a lathe or milling-machine spindle or the 
end of ‘hog nose drill” or similar tocl. 

Nowel — Same as Drag. 

Nurling — The rolling of depressions of various kinds into metal by 
the use of revolving hardened steel wheels pressed against the 
work. ‘The design on the nurl will be reproduced on the work. 
Generally used to give a roughened surface for turning a nut or 
screw by hand. 

Nut, Cold Punched— A nut punched from flat bar stock. The hole 
is usually reamed to size before tapping. 

Nut, Hot Pressed —- A nut formed hot in a forging machine. 

Nut, Castellated or Castle — A nut with slot across the face to admit 
a cotter pin for locking in place. 

Nut Machine — For cutting, drilling and tapping nuts from a bar 
or rod. 

Nut Tapper — For tapping hole in nuts. 


Nut, Wing — A nut operated by hand and 
very commonly used where a light and 
quick clamping action is required. 


Nuts — See Bolts. 


O 


Ogee — Name given to a finish or beagling consisting of a reverse 
curve. Applied to work of any class, wood or iron. 

Ohm — The unit of electrical resistance. One volt will force one 
ampere through a resistance of one ohm, 

Oval — Continuously curved but not round, as a circle which has 
been more or less flattened. 


P 


Pawl — A hinged piece which’ engages teeth in a gear, rack or ratchet 
for moving it or for arresting its motion. Sometimes used to 
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designate a piece such as a reversing dog on a planer or milling 
machine. 


Peening — The stretching of metal by hammering or rolling the 
surface. Used to stretch babbitt to fit tightly in a bearing, to 
straighten bars by stretching the short or concave side, etc. 


Pickling Castings — Dipping into acid solution to soften scale and 
remove sand. Solution of three or four parts of water to one of 
sulphuric acid is used for iron. For brass use five parts water to 
one of nitric acid. 


Pin, Collar — A collar pin is driven tight into a machine frame or 
member and adapted to carry a roll, gear, or other part at the 
outer end. It differs from the collar stud 
in not having a thread at the inner end. 
Fi When drilled through the end for a cotter 
pin it is known as a fulcrum pin, as it is 
then especially suited for carrying rocker 
arms, etc, 
Pin, Dowel, Screw — Dowel pins are customarily made straight, or 
plain taper and fitted into reamed holes. When applied in such 
a position in a mechanism that it is impossible to remove them 
by driving out, they are sometimes threaded and screwed into 
place. 


Pin, Taper — Taper pins for dowels and other purposes are regularly 
manufactured with a taper of } inch to the foot and from $ to 
6 inches long, the diameters at the large 
end of the sizes in the series ranging from 
: about 33 to $$ inch. The reamers for 
these pins are so proportioned that each 
size “overlaps” the next smaller size by about } inch. 

Pickling Forgings — Putting in bath of 1 part sulphuric acid to 
25 parts boiling water to remove scale. Can be done in ro 
minutes. Rinse in boiling water and they will dry before rusting. 

Pitch — The distance from the center of one screw thread, or gear 
tooth or serration of any kind to the center of the next. In 
screws with a single thread the pitch is the same as the lead but 
not otherwise. 


1s: oh Pillow Blocks — Low shaft bearings, rest- 
ing on foundations, or floors or other 


NI x AN 4 supports. 


Pitman — A connecting rod; term used more commonly in connection 
with agricultural implements. 

Planchet — Blank piece of metal punched out of a sheet before 
being finished by further work. Such as the blanks from which 
coins are made. 

Planer — For producing plane surfaces on metals. Work is held on 
table or platen which runs back and forth under the tool which 
is stationary. 
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PLANER — WOODWARD AND POWELL 
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628 PLANER — Continued 


Planer Centers — A pair of index centers 
to hold work for planing. Similar to 
plain milling machine centers. 


Planer, Daniels — Wood planer with a table for carrying work under 
a two-armed knife swung horizontally from a vertical spindle. 
Very similar to a vertical spindle-milling machine of the planer 
type. Excellent for taking warp or wind out of lumber. 


Planer, Open Side —A planer with only one upright or housing, 
supporting an overhanging arm which takes the place of the 
usual cross rail. Useful in planing work too wide to go in the 
ordinary planer. 


Planer, Radius — For planing parts of circles such as links for loco- 
motive or stationary engine valve motion. 

Planer, Rotary — Really a large milling machine in which the work 
is carried past a rotary cutter by the platen. 


Planer Tools —See Tools, Planer. 


Planer, Traveling Head — Planer in which work is stationary and 
tool moves over it. 


Planishing — The finishing of sheet metal by hammering with smooth 
faced hammers or their equivalents. 


Plate, Master — A steel plate serving as a model by which holes in 
jigs, fixtures and other tools are accu- 
rately located for boring. In the illus- 
tration the piece to be bored is shown 
dowelled to the master plate which is 
mounted on the face plate of the lathe. 
In the master plate there are as many 
holes as are to be bored in the work, 
and the center distances are correct. 
The plate is located on a center plug 
fitting the lathe spindle, and after a 
given hole is bored in the work, the 
master plate and work are shifted and 


Bored 


| Hole being \\ 


eR ORL al relocated with the center plug in the 


next hole in the plate and the corre- 
sponding hole in the work is then bored out. This is one of the 
most accurate methods employed by the toolmaker on precision 
work. 


Platen — A work holding table on miller, planer or drill. 


Plumb Bob, Mercury — Plumb bob filled with mercury to secure 
weight in a small space. 


Potter’s Wheel — Probably the oldest machine known. Consists of 
a vertical shaft with a disk moupted horizontally at the top. 
The potter puts a lump of clay in the center, revolves the wheel 
with his foot or by power, and shapes the revolving clay as de- 
sired. See Lap, Lead for modern application of this in machine 
work, 
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Press, Blanking — For heavy punching or swaging. 

Press, Broaching — A press for forcing broaches through holes in 
metal work. Usually cleans out or forms holes that are not 
round. 

Press, Cabbaging — For compressing loose sheet metal scrap into 
conyenient form for handling and remelting. 

Press, Coining — For making metal planchets from which coins are 
stamped. 

Press, Double Action — Has a telescoping ram or one ram inside the 
other, each driven by an independent cam so that one motion 
follows the other and performs two operations for each revolution 
of the press. 

Press Fit — See Fit. 

Press, Forcing — For forcing one piece into another, such as a rod 
brass into a rod. 

Press, Forging — For forging metal by subjecting it to heavy pressure 
between formers or dies. 

Press, Horning — For closing side seams on pieced tinware. 

Press, Inclinable — One that can be used in vertical or inclined 
position. 

Press, Screw — Pressure is applied by screw. Heavier work is done 
in this way than by foot or hand press. 

Press, Straight-sided — Made with perfectly straight sides so as to 
give great strength and rigidity for heavy work. 

Press, Pendulum — Foot press having a pendulum like lever for 
applying power to the ram. 

Profiling Machine — Has rotary cutter that can be made to follow 
outline or pattern in shaping small parts of machines. Practically 
a vertical milling machine. 

Protractor, Bevel— Graduated semicircular protractor having a 
pivoted arm for measuring off angles. 

Pull-pin — A means of locking or unlocking two parts of machinery. 
Sometimes slides gears in or out of mesh and at others operates 
a sliding key which engages any desired gear of a number on 
stud. 

Pulley, Gallow or Guide — Loose pulley mounted in movable frames 
to guide and tighten belts. 

Pulley, Idler — A pulley running loose on a shaft and driving no 
machinery, merely guiding the belt. Practically same as a “loose 
pulley.” 

Pulley, Loose — Pulley running loosely on shaft doing no work. 
Carries belt when not driving tight (or fast, or working) pulley. 
Used on countershafts, planers, grinders, etc., where machine is 
idle part of time. Belt is then on the loose pulley but when 
shifted to tight pulley the machine starts up. See Belt Shifter, 
Friction Clutch. 

Punching — A piece cut out of sheet stock by punch and die; the 
same as blank. 

Punch, Belt — Hollow, round or elliptical punch for cutting holes for 
belt lacing. 
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Quadrant — A piece forming a quarter circle. A segment of a circle. 
The swinging plate carrying the change gears in the feed train 
at the end of the lathe. 

Quick Return — A mechanism employed in various machine tools to 
give a table, ram or other member a rapid movement during the 
return or non-cutting stroke. 


Quill — A hollow shaft which reyolves on a solid shaft, carrying 
pulleys or clutches. When clutches are closed the quill and 
shaft revolve together. 


R 


Rack— A strip cut with teeth so that a 
gear can mesh with it to convert rotary 
into reciprocating motion or vice versa, 


Rack Cutter — Cuts regularly spaced teeth in a straightline. Cutting 
tool is either a milling cutter or a single point tool. 

Ratchet — A gear with triangular shaped teeth adapted to be en~ 
gaged by a pawl which either imparts intermittent motion to the 
ratchet or else locks it against backward movement when operated 
otherwise. 

Ratchet Drill— Device for turning a drill 
when the handle cannot make a com- 
plete revolution. A pawl on the handle 
drops into a ratchet wheel on the barrel 
so that it can be turned one or more 
teeth. 

Recess — A groove below the normal surface of work. On flat work 
a groove to allow tool to run into as a planer, or a slide to run 
over as a cross-head on a guide. In boring a groeve inside a 
hole. If long it is often called a chamber. 

Relief or Relieving — ‘The removing of, or the amount removed to 
reduce friction back of cutting edge of a drill, reamer, tap, etc. 
Also applied to other than cutting tools. See “backing off.” 


REAMERS 


Reamer — A tool to enlarge a hole already existing, whether a cast 
or cored hole or one made by a drill or boring bar. Reamers 
are of many kinds and shape as indicated below. Usually a 
reamer gives the finishing touch to a hole. 

Ball Reamer — Usually a fluted or rose reamer for making the 
female portion of a ball joint. It is considered advisable to space 
the teeth irregularly as this tends to prevent chattering. 

Bridge Reamer — A reamer used by boiler-makers, bridge builders, 
ship-builders, etc., has a straight body from A to B and tapered 

fi hee end from B to C. This reamer has a 


Co taper shank and can be used in an air 
drill. 
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Flat Center Reamer — Center reamers, or countersinks 
for centering the ends of shafts, etc., are usually 
made 60 degrees included angle. 


Fluted 


Chucking Reamer — Chucking reamers 

are used in turret machines. The 

zunteg plain, fluted type has teeth relieved 

a a ——) the whole length; while the rose 

reamer cuts only on the end as there 

is no peripheral clearance. Where 

possible reamers used in the turret should be mounted in floating 

holders which allow the reamer to play sidewise sufficiently to line up 

with the hole in the work which may be so drilled or bored as not to 
run perfectly true prior to the reaming operation. 


Chucking Reamer (Three-groove) — Spiral fluted chucking reamers 
with three and four grooves are employed for enlarging cored 
holes, etc. They are also made with 


: oil passages through them and in this 
GEXIESSSSSS, fot are adapted i 


to operating in 
steel. 


Flat Reamer — A reamer made of a flat piece of steel. Not much 
used except on brass work and then usually packed with wooden 
strips to fit the hole tightly. Flat reamers are not much used 

‘except for taper work. ; 


Half-round Reamer — Used considerably in some classes of work, 
particularly in small sizes and taper work when taper is slight. 
Not much used in large sizes. Somewhat resembles the “hog- 
nose drill” in general appearance except that this is always quite 
short on cutting edge. 


Hand Reamer — Reamers enlarge and 

q ————) finish a hole produced by drilling, 

— boring, etc. The cut should be light 

Straight for hand reamers and the reamer 

held straight to avoid ruining the 

hole. The threaded end reamer has 

Threaded End a fine thread to assist in drawing the 

reamer into the work. The spiral 

reamer is cut left-hand to prevent its 

drawing into the hole too rapidly. 

Reamers are slightly tapered at the 
point to enable them to enter. 

Pipe Reamer (Briggs) — Pipe reamers to 
the Briggs standard taper of #-inch 
per foot are used for reaming out 
work prior to tapping with the pipe 
tap. 
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Shell Reamer — Shell reamers have taper 
holes to fit the end of an arbor on which 
they are held in the chucking machine. 
‘They are made with both straight and 
spiral flutes. 


Shell Reamer (Rose) — Rose reamers cut 
on the end only as there is no periph- 
eral clearance. They are very ac- 
curate tools for finishing holes. The 
shell reamers are made with taper 
holes to fit an arbor for holding them 
in the turret machine. i 


Taper Reamer — For finishing taper holes two or more reamers are 
sometimes used. The roughing reamer is often provided with 
nicked or stepped teeth to break up the 

— > chip. Taper reamers are also made 

eS grgrs . . . 

J with spiral teeth. Where the taper is 

Roughing ¢ slight the spiral should be left-hand to 
prevent the reamer from drawing in too 

—————— fast; where the taper is abrupt the teeth, 

eR a if cut with right-hand spiral, will help 
Finishing hold the reamer to the cut and make the 
operation more satisfactory. 

Taper Pin Reamer — Standard taper pin reamers are made }-inch 
taper per foot and each size in the 
series will overlap the next size smaller 
by about one-half inch. 

Taper Reamer (Locomotive) — Reamers 
for locomotive taper pins have a taper 
of +4; inch per foot. 

Rests, Slide — Detachable rests capable of being clamped to brass lathe 
bed at any desired point and usually arranged to give motion to 
tool in two ways; across the bed to reduce diameter or cut-off, 
and with the bed for turning. Invented by Henry Maudsley. 

Rheostat — An adjustable resistance box so that part of the current 
can be cut out of the motor. 

Riddle — Name given to a sieve used in foundries for siftings and 
for the molds. 

Riffle — Name given a small file used by die sinkers and on similar 
work. 

Rivet — A pin for holding two or more plates or pieces together. A 
head is formed on one end when made; the other end is upset 
after the rivet is put in place and draws the riveted members close 
together. 
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Rivets ° 


A — Machine Head 
ee B — Cone Head 

C — Wheel Head 

D— Oyal Countersunk Head 

E — Globe Head 
pieces F — Round Head 

G— Truss Head 

H— Flat Head 
qm! I — Countersunk Head 

J — Bevel Head 
bs K— Wagon-Box Head. 


Le 
Ca 
(a 
(eee) 
a ieerea] 
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Rivet Machine — For making rivets from metal rods. 
Roller Bearing — See Bearing. 


¢( =} Rule, Hook — Rule with a hook on the 
end for measuring through pulley holes 
and in similar places. 


Rule, Key-seat — For laying out key-seats on shaft or in hubs. 

Rule, Shrink — Graduated to allow for shrinkage in casting. Used 
by pattern-makers and varies with metal to be cast. 

Run — Applied to drilling or reaming when the tool shows a ten- 
dency to leave the straight or direct path. Caused by one lip or 
cutting edge being less sharp than the other, being ground so one 
lip leads the other, or from uneven hardness of material being 
drilled. 

Running or Sliding Fit — See Fits. 

Rust Joint — A joint made by application of cast-iron turnings mixed 
with sal-ammoniac and sulphur to cause the turnings to rust and 
become a solid body. 


S 


Salamander — The mass of iron left in the hearth when a furnace is 
blown out for repairs. 

Sand Blast — Sand is blown by compressed air through a hose as 
desired. Used to clean castings, stonework, etc. 

Sanding Machine — A machine in which woodwork is finished by 
means of rolls or wheels covered with sandpaper. 

Sanding Belt — Endless belt of some strong fabric, charged with glue 
and sand. For sandpapering wood held in hand or by clamps. 

Saw, Band — Continuous metal band, toothed on one edge and 
guided between rolls. Mostly used on woodwork, but occa- 
sionally on metal work, especially in European shops. 
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Saw Bench, Universal — Bench on which lumber is brought to the 
saw for ripping, cross-cutting, dadoing, mitering, etc. 

Saw, Cold — For sawing metal. Circular saws are generally used 
though not always, band saws being occasionally employed. 


= Saw, Hack — Close-toothed saw for cut- 
ting metal. Usually held in a hand 
: frame but power hack saws are now 

becoming very common in shops. 


Scarf — The bevel edge formed on a piece of metal which is to be 
lap-welded. 
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Box Tool, Bushing — The cutters in this 
tool are placed with edges radial to 
the stock and may be adjusted to turn 
the required diameter by the screws 
in the rear. The stock is supported 
in a bushing and must therefore be 
very true and accurate as to size. 


Box Tool, Finishing — The material 
turned in this box tool is supported 
by adjustable back rest jaws and the 
cutters are also adjustable in and out 
as well as lengthwise of the tool body. 


Box Tool, Roughing — This tool has one or more cutters inverted 

ever the work and with cutting edges tangent to the material. 
The back rest is bored out the size 
the screw or other piece is to be turned 
and the cutter turns the end of the 
piece to size before it enters the back 
rest. Sometimes a pointing tool is in- 
serted in the shank for finishing the end 
of the work. 


Drill Holder — The end of the drill hol- 
der is split and provided with a clamp 
collar by which the holder is closed 
on the drill. 


Feed Tube — The screw-machine feed tube or feed finger is closed 
prior to hardening and maintains at all times a grip on the stock. 
The rear end is threaded and screwed 
into the tube by which it is operated. 
te eee It is drawn back over the stock and 
ay rent when the chuck opens is moved for- 
ward feeding the stock the right dis 

tance for the next piece. 
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Forming Tools — Circular forming cut- 


"| ters are generatly cut below center to 
give proper clearance and the tool 
post is bored a corresponding amount 

we above center to bring the tool on the 
center line. Dovetail cutters are made 
Circular Dovetail at an angle of about 1o degrees for 


clearance. 


Hollow Mill — Usually made with 3 prongs « or cutting edges and 
with a slight taper inside toward the 
rear. A clamp collar is used on mill 
like a spring die collar and a reason- 
able amount of adjustment may be ob- 
tained by this collar. Hollow mills 
are frequently used in place of box 
tools for turning work in the screw 
machine. 


Nurling Tool — The two nurls in this box 
are adjustable to suit different diam- 
eters of work, 


Pointing Tool — The bushing in this tool 
} receives and supports the end of the 
round stock and the cutters carried in 
the frame form and point the end. 


Revolving Die Holder — The common type of revolving die holder 

which is generally used with spring dies, has a pair of driving 
pins behind the head and in the flange 
of the sleeve which fits into the turret 
hole. At the rear end of the sleeve is 
a cam surface which engages a pin in 
the shank of the head when the die 
is reversed. The die is run on to the 
work with the driving pins engaged. 
When the work is reversed, the cam at the rear engages the pin 
in the shank and holds the die from turning so that it must draw 
off the work. 


Spotting Tool — This tool spots a center 
in the end of the bar of stock to allow 
the drill to start properly, and also 
faces the end of the piece true. Some- 

times called “centering and facing” tool. It is desirable to have 
the included angle of the cutting point less than that of the drill 
which follows it in order that the latter may start true by cutting 
at the corners first. 
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Spring Collet — Spring collets or chucks are made to receive round, 
square, hexagonal or other — stock 
worked in the screw machine. The 
collet is hardened and is closed in 
operation by being pressed into the 
conical cap into which it fits. When 
released it springs open sufficiently to 
free the stock and allow it to be fed 
through the collet. 


Spring Die and Extension — Spring dies 

or prong dies are provided with a 

be collar at the end for adjusting and 

‘ex are easily sharpened by grinding in 
LY the flutes. 


Screw Plates— Holders for dies for cutting threads on bolts or 
screws. Dies are usually separate but sometimes cut in the 
piece which forms the holder. 


SCREWS 
Fm Emm 
Square Head Hexagon Head 
Flat Fillister Head Oval Fillister Head 

IND 
Button Head Countersunk Head 


Cap Screws — Cap screws are machined straight from point to head, 
have finished heads and up to 4 inches in length are usually 
threaded three-fourths of the length. When longer than 4 inches 
they are threaded one half the length, which is measured under 
the head, except in the case of countersunk head screws which 
are measured over all. Cap-screw sizes vary by 16ths and 8ths 
and are regularly made up to 1 or 1} inch diameter, while machine 
screws with which they are frequently confused are made to the 
machine-screw gage sizes. 

Flat fillister heads on cap screws are often called “round” 
heads; oval fillister heads are frequently designated as “fillister” 
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heads, and countersunk heads as “flat”? heads. When a coun- 
tersunk or flat head has an oval top it is called a “French” head. 

Fillister heads are also made with rounded corners as well as with 
the oval head shown above. Fillister head screws aré known in 
Kngland as cheese-head screws. The included angle of the 
countersunk or flat head is 70 degrees. 


Collar Screw— Collar or collar head 
screws are used for much the same 
purposes as regular cap screws, and, 
in fact, are sometimes designated as 
“collar” cap or “collar head” cap 
screws. 


Lag Screw — Lag screws, or coach screws, as they are often called, 
have a thread like a wood screw and a square or a hexagonal 
head. They are used for attaching 


ANuuuuny countershaft hangers to over-head 
joists for fastening machines to wood 
floors and for many other purposes 

where a heavy wood screw is required. 


.. Machine Screws— Machine screws are made 
to the sizes of the machine-screw gage 
instead of running like cap screws in 
even fractions of an inch. 


Fillister Head 
Counter Sunk or Flat Button or Round 
Head 


Set Screws — Set screws are threaded the full length of body and 
may or may not be necked under the head. They are usually 
case-hardened. Ordinarily the width of head across flats and 
the length of head are equal to the diameter of the screw. The 
headless set screw is known in England as a “grub” screw. 


‘IN (A> 


Flat Point Cone Point 


Ho rome 


Round Point Hanger Point 
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Round Pivot Point Cone Point Headless 


Shoulder Screw — Shoulder screws are com< 
Ih | | monly used for carrying levers and other 
| machine parts that have to operate freely. 
The screw body is enough longer than 
Single Shoulder the thickness of the piece pivoted thereon 
to allow the latter to work casily when 
the screw is set up tight against the 
L bottom of the shoulder. With double 
ll } shoulders two members may be mounted 
y side by side and left free to operate in- 
Double Shoulder dependently of each other, 


Thumb Screw — A screw with a winged or 
knurled head which may be operated by 
hand when a quick and light clamping 
effect is desired. 


4 Washer-head Screw — The washer formed on 
ff this screw enables it to be used for holding 
WN pieces with large holes without applying 

a loose washer. 


Wood Screws— Wood screws are made in an endless variety of forms, 
a number of which are shown on the following page. They range 
in size from No. o to No. 30 by the American Screw Company’s 
gage and are regularly made in lengths from } inch to 6 inches. 
Generally the thread is cut about seven tenths of the total length 
of the screw. The flat-head wood screw has an included angle 
of head of 82 degrees. 


WOOD 


Flat Head 


¢{wuannnatan 


Round Head 


Oval Fillister Head 


Hexagon Head 


Fy Winnie 


Square Bung Head 


ees ANA 


Round Bung Head 


‘Wenn: 


Winged 
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Cy Vina 


Oval Head 


UNH 


Piano Head 


RMMBNNNNNUNNNN TS 


Countersunk Fillister Head 


SENN 
Clove Head 


[Tit 


Headless 


OMA unui 


Grooved 


F_ SYA 


Pinched Head 


Winged 


Winged Head 
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Screw Thread, Acme 29 degree Standard — 


p= pitch = teiesees SS 
no. threads per inch 


d = depth = 3 p + .o1o. 

f = flat on top of thread = p x .3707 
The Acme screw thread is practically the 
same depth as the square thread and much 
stronger. It is used extensively for lead 
screws, feed screws, etc. 


i Screw Thread, British Association Standard— 
p=pitch 
d=depth=p x .6 

xp 


: 23 
r=radius=—— 
II 


This thread has been adopted in Eng- 
land for small screws used by opticians 
and in telegraph work, upon recom- 
mendations made by the Committee of the British Association. 
The diameter and pitches in this system are in millimeters. 


Screw Thread, Buttress — 


: I 
i aps no. threads per inch 


d=depth= p 

The buttress thread takes a bearing on 
one side only and is very strong in that 
direction. The ratchet thread is of 
practically the same form but sharper. 


Screw Thread, International (Metric) Standard— 


p=pitch 

d=depth=p x .6495 
a) Srey 

f=flat = 


The International thread is of the same 
form as the Sellers or U. S. Standard. 
, This system was recommended by a Con- 
gress held at Zurich in 1898, and is much the same as the 
metric system of threads generally used in France. The sizes 
and pitches in the system are in millimeters. 
Screw Thread, Square — 
: I 
P sags oc threads per inch 
d=depth=$ p 
J =width of flat=} p 
s=width of space=} p. 
S SS SS While theoretically depth, width of 
i \ SS space and thread are each one half 
the pitch, in practice the groove is cut slightly wider and deeper. 
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Screw Thread, United States Standard — 
I 

no. threads per inch 

d=depth=p x .6495 


=fiat= 
f=flat 3 


p=pitch = 


This thread was devised by Wm. Sellers, 
and recommended by the Franklin Institute 
in 1869. It is called the U.S. Standard, the Franklin Institute, 
and the Sellers thread. The advantages of this thread are, that 
it is not easily injured, tap and dies will retain their size longer, 
and bolts and screws with this thread are stronger and better 
appearing. ‘The system has been adopted by the United States 
Government, Master Mechanics and Master Car Builders’ Asso- 
ciations, Machine Bolt Makers, and by many manufacturing 
establishments. 


Screw Thread, V, 60 degree Sharp — 
I 


+ ates no. threads per inch 
d=depth=p x .8660 


While the sharp V form gives a deeper 
thread than the U. S. Standard, the 
objections urged against the thread are, 
that the sharp top is injured by the 
slightest accident, and, in the case of taps and dies, the fine edge 
is quickly lost, causing constant variation in fitting. 


Screw Thread, Whitworth Standard — 
I 

no. threads per inch 

d=depth=p x .64033 

r=radius=p X .1373 


The Whitworth thread is the standard in 
use in England. It was devised by Sir 
Joseph Whitworth in 1841, the system then proposed by him 
being slightly modified in 1857 and 1861. 


p=pitch= 


Worm Thread, Brown & Sharpe 29 de- 
gree — 

I 
no. threads per inch 
d = depth = p x .6866 
f = flat on top of thread = px .335 
This thread is commonly used in 
America for worms. It is consider- 
ably deeper than the Acme screw 


thread of the same angle, namely 29 degrees. 


p = pitch = 
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Sector — A device used on an index plate of a dividing head for 
indicating the number of holes to be included at each advance 
of the index crank in dividing circles. The sector can be opened 
or closed to form as large or small an are as necessary to cover 
the desired number of holes for each movement of the crank. 


Set — The bend to one side of the teeth of a saw. 
Set Screw — See Screws. 


Shaft-bearing Stand — Shaft bearing which is fastened to floor. 


Shaft Coupling — See Coupling. 

Shaft, Flexible — Shaft made of a helical spring or of jointed parts, 
usually confined in a leather or fabric casing, to transmit power 
in varying directions. 


Shaft, Jack — A secondary or auxiliary shaft, driven by the engine 
and in turn driving the dynamos or other machinery. Jack 
shafts are often introduced between a regular machine counter- 
shaft and the line shaft. 


Shaft, Line — The shafting driving the machinery of a shop or 
section of a shop by means of pulleys and belts. 


Shaft, Muley — A vertical shaft carrying two idler pulleys for carrying 
a belt around a corner. ‘To be avoided where possible. 


Shaper — Work is held on table or knee and tool moves across it, 
held by a tool post on the moving ram. Table adjustable for depth 
of cut, ete. 


Shaper — Parts of 


1. Tool post. 17. Ram guide. 

2. Clapper block. 18. Frame or body. 

3- Clapper box. 19. Feed box. 

4. Clamping bolts. 20. Feed regulator. 

5. Down-feed screw. a1. Cone-driving pulley. 
6. Tool slide. 22. Lever bearing 

7. Tool head. 23. Power elevation of table. 
8. Binder for head. 24. Vise. 

9. Stop for down feed. 25. Swiveling base. 

10. Down-feed adjustment. 26. Table. 

rr. Ram adjuster. 27. Saddle. 

12. Ram. 28. Cross-feed screw. 
13. Position lever. 29. Cross-feed dog. 

14. Clamp for down feed. 30. Cross-feed handle. 
15 Ram slide. 31. Elevating screw. 


16. Face of column. 


Shaper, Crank — Ram is driven by a crank motion. 


Shaper, Draw Cut — Cutting stroke takes place when tool is mov- 
ing toward frame of machine. ‘This tends to draw the parts 
together. 
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Shaper, Friction — Ram is driven by rack and pinion through friction 
clutches. Ram is reversed by simultaneous release and engage- 
ment of these clutches. These are driven by open and crossed 
belts in opposite directions. 


Shaper, Gear — Planes gear teeth by using a hardened cutter, shaped 
like a pinion gear, and moving across the face of the gear with- 
a planing or shaping cut. 


Shaper, Geared — Ram is driven by rack and pinion with a slow 
cutting stroke and a quick return by shifting open and crossed 
belts the same as on a planer. 


Shapers, Traverse or Traveling Head — Ram feeds across work, which 
is stationary. 


Shear — Tool for cutting metals between two blades. The name 
given to the way or V of a lathe or planer. A hoisting apparatus 
used on wharves or docks, consisting of two heavy struts like a 
long inverted V. 
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Shears — The ways on which the Jathe carriage and tail stock move 
are called “shears”? by some, “ways” by others. They may be 
either V, flat or any other shape. 

Shears, Alligator — Name given to machine where moving knife or 
cutter works on a pivot. 

Shears, Squaring — Has cutter bar guided at both ends, 

Shears, Slitting — Arranged for slitting sheet metal. Rotary cutters 
are usually employed. 

Shearing Machine — For cutting off rods, bars or plates. 

Shedder — A plate or ring operated by springs or by a rubber pad 
to ‘eject a blank from a compound die. It acts as an internal 
stripper, and is sometimes known as an ejector. 

Sherardizing — The name given to a new process of dry galvanizing 
of any iron product. 

Shifter Forks — Arms to guide belt from tight to loose pulley or 
vice versa, by pressing the sides. 

Shim — A liner or piece to place between surfaces to secure proper 
adjustment, 

Shrink Fit — See Fits. 

Slip Washer — See Open Washer, 

Slotted Washer — See Open Washer. 

Slotter — A machine for planing vertical surfaces or cutting slots. 
Tool travels vertically. 

Socket, Grip — A device for driving drills and other tools with either 
a straight or taper shank. 

Sow — In foundry work, the gate or central channel which feeds iron 
into the pigs when making pig iron. 

Sow or Sow-block — Local name for a chuck for holding work, such 
as dies. A ball chuck. 

Spinning — The forming of sheet metal by rolling it against forms 
such as lamp bodies. Lathes are made especially for this work. 

Spline — Used in some sections in place of “key” and in others the 
same as “feather.” See Key and Feather. 

Split Nut — Nut split lengthwise so as to open for quick adjustment. 

Spot or Spotting — Spotting is making a spot or flat surface for a 
set-screw point or to lay out from. 


Spring, Compression——A helical spring 
HINDIDODONODOONNN) which tends to shorten in action. 


Spring, Helical — A spring coiled lengthwise of its axis like a screw 
thread. Often incorrectly called a spiral spring. 

Spring, Leaf — A built up spring made of flat stock like a carriage 
spring or iocomotive driving spring. 


Spring, Spiral A spring wound with one 
coil over the other as in a clock spring. 
Usually of flat stock, but not always. 


SPRING — SQUARE 645 


Spring, Tension— A helical spring which 
tends to lengthen in action. 


Spring, Torsion — A helical spring which 
operates with a coiling or uncoiling 
action as a door spring. 


Spring, Valve —A helical spring used or 
valve stems and similar places; each 
(RS 


coil being smaller than the one below, 
in order that the spring may close up 
into a very smal] space and then have 
a considerable range of action. 


Spring Cotter — See Cotter. 
Sprue Cutter — A cutting punch for trimming sprues from soft metal 
casting. 


Square, Caliper — A square with a caliper adjustment for laying out 
work. 


(| 
a 
8 


[] Square, Combination — A tool combining 
square, level and protractor in one 
tool. 


Square, Center — For finding the center 
of a round bar by placing across the 
end and scribing lines in two different 
positions. Also used as a T-square. 
Not so much used as formerly. 


T-Square — A straight edge with a head at one end commonly used 
on the drawing board for drawing straight lines. It forms a 
guide also, along which triangles are slid. Generally made ot 
wood, although sometimes of metal and often provided with a 
swiveling head which serves as a protractor when graduated in 
degrees. 


Square, Try — Small square for testing 
work as to its being at right angles. 
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Stand, Vise — Stand, usually of metal, for holding a vise firmly in 
any desired part of the shop, making it a portable vise. 

Steady Rest — A rest attached to the lathe ways for supporting long, 
slender work. 

Steel, High Speed — A name given to steels which do not lose their 
hardness by being heated under high speed cuts. Alloy steels 
which depend on tungsten, chromium, manganese, molybdenum, 
etc., for their hardness. 


Stocks, Ratchet — Die stocks with ratchet handles. 


Straight Edge — A piece of metal having one edge ground and 

scraped flat and true. Small ones are sometimes made of steel 
but large, straight edges are usually of 
cast iron, proportioned to resist bending, 
and are used for testing the truth of flat 
surfaces such as plane ways. 


Strapping — A method of buffing by the use of a flexible strap or 
belt, usually made of cloth and covered with abrasive held in 
place by glue. Runs over two pulleys or one pulley and a rod 
or plate at high speed. 

String Jig — Fixture for holding a row of pieces to be milled or planed, 

Stripper — A thin plate placed over the die, in a punch press, with 
a gap beneath to admit the sheet stock and an opening to allow 
the punch to pass freely; upon the up-stroke of the punch it 
prevents the strip of metal from lifting with the punch. 

Stripping-plate — A plate containing holes of the same outline as the 
pattern and used to prevent sand following the patterns when 
drawn out on some molding machines. 


Stud, Collar — The collar stud forms a satisfactory device for car- 


rying gears, cam rolls, rocker levers, etc. 

It is often provided with a hole at the 

MN end for a cutter pin or is slotted for a 
split washer, to retain the gear, or other 


part in place. 
Stud, Shoulder — A stud of this form is used for mounting levers and 
other parts which could be operated on a plain, unthreaded stud, 
which stud, however, cannot be con- 


veniently set or removed when necessary. 
i It is also a form of post or guide some 
times employed in machine construction 


for carrying one or more sliding parts. 
Stud, Threaded — Studs are threaded on both ends to lengths re- 
quired and screwed tight into place. A nut is run on the outer 
end. Thev are commonly used for 


holding cylinder heads in place and 
it) | | for other purposes where it is desirable 
i | that the screw shall remain stationary 
to prevent injury of threads tapped in 
the main piece. 
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Surface Plates — Cast-iron plates have sur- 
faces scraped flat for use in testing work. 
Should be made in sets of three and 
so scraped that each one has a perfect 
bearing with the other two. 


Swazing — Changing the sectional shape of a piece of metal by 
hammering, rolling or otherwise forcing the particles to change 
shape without cutting. 


Swaging Blocks — Blocks of cast 
or wrought iron to assist black- 
smith in swaging and bending 
iron to various shapes. A is for 
use in the hardy hole in the 
anyil, B can be used anywhere 
but is usually on or beside the 
anvil. 


Swaging Hammer — A connection with the 
swaging block to swage metal to the 
desired size and shape. 


Swaging Machine — For reducing tapering or pointing wire or tubing 
either between rolling dies or by hammering with rapid blows 
between dies of suitable shape. 

Sweating — Another name for soldering. 


Swing of a Lathe — In the United States the swing of a lathe means 
the largest diameter of the work that can be swung over the 
ways or shears. In England it means the distance from lathe 
center to the ways or one half the U. S. measurements. 


“ 


iy 


Take-up — Name given to device for taking up slack in belt or rope 
drives. 
Tap — Hardened and tempered steel tool for cutting internal threads. 
Has a thread cut on it and flutes to give cutting edges. 
: Tap, Bit-brace — Tap of any kind, usually 
Co) on all bolt taps, with shank made square 
to be driven by bit-brace. 
Tap, Echols Thread — This form of tap has every other thread cut 
away on each land, but these are stag- 
gered so that a space on one land has 
a tooth behind it on the next land. 
This is done for chip clearance. 
Tap, Hand, First or Taper — Bolt tap 
usually for hand use. The first or 
ha taper tap has the front end tapered 


to enter easily. 
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Tap, Hand, Second or Plug — The second 
tap with only a small taper to the 
first two threads, Usually this tap 
is the last that need be used. 


Tap, Hand, Third or Bottoming —- Tap 
with full thread clear to the end. For 
cutting a thread clear to the bottom 
of a hole. 


Tap, Hob for Pipe Dies — A hob tap for 
cutting threads in pipe dies. Taper 
¢ inch per foot. 

Tap, Hob for Solid Dies — Used for cutting the threads in a solid 

die. It is best to remove about three 

fourths of the stock with a leading tap 
but is not necessary. 


Tap, Hob, Sellers — Has threads in center and 
numerous flutes. For hobbing dies and 
chasers. 


Tap, Machine or Nut — Tap with long shank small enough to allow 
tapped nuts to pass over it. After tap 


eS ==5~—sIs full the tap is removed from machine 
and nuts slid off the shank. 


Tap, Machine Screw — Taps made with 
ae sizes and threads of machine screws. 
es POET Screen: Made with shank the size of screw 
and pointed ends on small sizes. 
Tap, Master — Tap for cutting solid and open dies. 


Tap, Patch-bolt — Tap for boiler-makers use in patching boilers. 
Sizes vary by sixteenths from } inch 


({ CITE to r} inches. All threads are 12 to 


connononoMOoAEN inch and taper is { inch per foot. 


ie || Tap, Pipe — Taper tap, } inch taper per 


= ee foot for pipe fitting 


\anerennnnnaned 


Tap, Pulley — Tap with a long shank to 


i ET |e | reach the hub of pulley for tapping 
set-screw holes. 


Tap Remover — Device for removing broken taps. Usually have 
prongs which go down in the flutes and around the central portion. 


Tap, Staybolt— Tap for threading boiler sheets for staybolts. A 
reams the hole, B is a taper thread, C is straight thread of right 
size. D square for driving tap. All stand- 


SSS — _ardstaybolt taps have 12 threads per inch, 


D Cc B 
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_ Tap, Step — Tap made with “steps” or varying diameters. Front 
end cuts part of thread, next step takes out more and so on to 
the end. Only used for heavy threads, usually square or Acme. 

Tap, Stove-bolt — Made same way as machine-screw taps but in only 
six standard sizes. 

Tap, Tapper — Similar to a machine tap except that it has no square 
on the end. : 


Taper Reamer — See Reamer, Taper. 


Tapped Face-plate — Having a number of tapped holes instead of 
slots: Studs screw in at any desired point. 

Tapping Machine — For cutting threads with taps (tapping) in nuts 
or other holes. 

Threads, Screw — See Screw Threads. 


Threading Tool, Rivet-Dock — The tool is a 
rotary cutter with cutting teeth of different 
depths. The first tooth starts the cut, 
then instead of feeding the carriage into 
the work, the cutter is turned and the next 
tooth takes the next cut. 


Toggle — Arrangement of levers to mul- 
tiply pressure obtained by making 

(6) movement given to work very much 
less than movement of applied power. 


Tongs — Tools for holding hot or cold metals. 

Tool, Boring — For operating on internal surface of holes. 

Tool, Cutting-off — For cutting work apart on lathe or cutting-off 
machine. 

Tool, Diamond — Black diamond set in metal for tracing emery or 
other abrasive wheels. Also used to some extent for truing up 
hardened steel or iron. 

Tool Holder, Lathe or Planer — A body or shank, adopted to hold 

small pieces of tool steel for cutting tools. 
These can be removed for sharpening or 
renewal without moving the holder and 
saves resetting the tool to the work. 

Tools, Inserted Cutter — Holders in which are held small steel cutting 
tools. These are usually removed for grinding or replacing when 
broken or worn out. Usually made of self-hardening steel. 
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Tool, Nurling — For roughing or checking the outside of turned 

work so it can be readily grasped by hand. The tool is a wheel 
with the desired markings cut in the 
edge and hardened. It is forced against 
the work and actually forces the metal 
up into the depressions in the wheel. 

ost nurls are held in the end of a 
hand tool but for heavy nurling they 
are made to go in the tool post as shown, 
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Square Thread 


Face 


Clearance 


Clearance 


Kind 
of Tool 


Face 


Clearance 


Kind 
of Tool 


Clearance 


TOOLS, LATHE 


Aa ro 


Left-hand Side Tool 


Right-hand Side Tool 
DP LEE ELL OE 
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Left-hand Bent Side Tool Right-hand Bent Side Tool 
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Vee 


Left-band Diamond Point Right- -hand Diamond Point 
Bent Right-hand Diamond Point Half Diamond Point, Rode 
eat 
Bound Nose, Water Polishing Tool. 
Straight Cutting-Off Tool. Bent Cutting-Off Tool. 


Straight Threading Tool. 
Bent Threading Tool. 


Inside Boring Tool. Inside Threading Tool. 
Bull Nose Tool, Finishing or Necking Tool. 
Sculing Tool. For Trueing Up Centers, &c, 


TOOLS, PLANER 


Sivan re ane C/ 


Left-hand Side Tool Right-hand Side Tool 


S55 = J 


Left-hand Di d Tool. 
ie peered ee ToD Right-hand Diamond Point Tool 


= 


Bull Nose, for Heavy Cuts. Gouge Nose Tool. 
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Scaling Tool. 
Broad Nose or Stocking Tool. 


Left-hand Siding Tool. 


Right-hand Siding Tool. 


Cuttiug-Off Tool 


For Finishing in Corners. 


Right-hand Bevel Tool. 
Left-hand Bevel Tool. 


aerate 


For Smoothing Wrought Iron or Steel. Smoothing Tool for Cast lron 


TOOLS, PLANER AND SLOTTER 


Chamfering 


Face 


Clearance 


Clearance 


Clearance — 


Kind 
of Tool 
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Tote Boxes — See Tote Pans. 


Tote Pans — Pans or trays of steel for carrying small parts from one 
part of shop to another. 


Train — A series of gears, as the feed train of a lathe connecting 
spindle with !ead screw. 


Trammels — For drawing Jarge circles. 
Fit on a beam and their capacity de- 
pends on the length of the beam. 


Trepanning Tool — Tool for cutting an annular groove outside or 
around a bored hole. 


Tripper — Device that trips any piece of mechanism at the desired 
time. An example is found in conyeyers where the tripper 
dumps the material at the desired point. 


Tumbler Gear — An intermediate gear which meshes in between other 
gears to reverse the direction of the driven gear of the train. 
Cn i) = pc 


Stub End Turn Buckle — Turn buckles are for con- 
necting and tightening truss rods, tie rods, 


————— etc., used in construction work. 
CoCr DO ; 


Hook and Eye 


Tuyere — The pipe or opening into forge through which air is forced. 


V 


Veeder Metal — An alloy with tin as a base, used for casting in 
metal molds. 


un Vise, Chipping or Filing — Heavy bench vise 


used for holding work to chip. Vises 
for filing only are similar but lighter. 


Vise, Hand—A small vise to be held in the 
hand. For small work that requires 
turning frequently to get at different 
sides. 
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Vise, Jig —A drill vise with arms which carry bushings so that 
pieces can be drilled in duplicate without special jigs for them, 


AG Vise, Pin — Small hand vise for holding 
aE | _}————» small wire rods. 


Vise Stands — See Stands, Vise. 

V’s — Ways shaped like a V, either raised above the bed as on a 
lathe or cut below as in a planer, for guiding the travel of a car- 
riage or table. 

Volt — The unit of electrical pressure. 


W 


Washer, Open — Washers with one side open so as to be removed 
or slipped under the nut to avoid necessity of taking the nut 
entirely off. Also called a ‘‘C” washer. 


Watt — The unit of electrical power and equals volts multiplied by 
amperes. 746 watts are equal to one horse-power. 


Ways — The guiding or bearing surfaces on which moving parts 
slide, as in a lathe plane or milling machine. The ways may be 
of any form, flat, V or any other shape. 

Welding — The joining of metals by heating the parts to be joined 
to the fusing point and making a union by hammering or forcing 
them together. Welding in an open fire is usually confined to 
iron and steel but nearly all metals can be joined in this way by 
electric heating. : 

Wind — Pronounced with a long 7 as in “mind” and refers to a 
twist or warping away from straightness and parallelism. 

Wrench, Bridge Builders’ — Large heavy wrench with a hole in end 
for a tackle to apply power. 


WRENCHES, MACHINE 


15 degree angle wrenches have an opening milled at an angle of 
‘15 degrees with the handle, which permits the turning of a hexagon 
nut completely around where the swing of the handle is limited to 
30 degrees. 

224 degree angle wrenches have an opening which forms an angle 
of 224 degrees with the handle, which permits the turning of any 
square head bolt or screw completely around where the swing of the 
handle is limited to 45 degrees. 

Unfinished drop-forged wrenches are plain forgings, with openings 
milled to fit the nut or screw on which they are to be used. 

Semi-finished wrenches are milled to fit the nut or screw on which 
they are to be used and case-hardened all over. 

Finished wrenches are milled to fit the nut or screw on which they 
are to be used and are ground, polished, case-hardened all over, lac- 
quered, with heads bright. 


WRENCHES — Continued 


Single End, Hex. 


Double End, Hex. 


y 


15° Angle, Single End 


15° Angle, Double End 


224° Angle, Double End 


S — 224° Angle 


y 


Single End, Set Screw and 
Machine 


Double End, Set Screw 
and Machine 


“Box”-Tool Post 


Double End, Tool Post 


For Round 


Pin-face, 
Nuts Having Holes in 
their Face to Receive 
the two Wrench Pins 


t Nesioroass 


Hook Spanner, Milled 
out to suit Round Nuts 
Having Notches in the 
Periphery to Receive 
the Hook at the End of 
Spanner 


oe ee 


Pin Spanner Used on 
Round Nuts which 
have Holes in the Per- 
iphery to receive the 
Spanner Pin 


Triple Set Screw. 


Socket 
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WRENCHES, MISCELLANEOUS 


pS £&— 


Monkey or Screw Stillson Pipe 
Pocket Adjustable Vulcan Chain Pipe 
1 
° —_———— 
General Utility Pipe Tong 
Construction Track 


Wrench, Tap— Wrench for holding and 


turning taps. Usually made adjustable 


for different sizes. 


Wringing Fits — See Fits. 
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Cold soldering rors Se ENTE EE ee A 90 
Collar-head jig screws. . Saale) 
Collar head screws::..5......20... 285 
Collets, screw machine spring, har- 
Mews E dom Mowat een ee cae 260 
Collets, spring, hardening.......... 260 
Comparison of wire gages used in the 
Waited! States? 7 Ue. Sey were 407 
Complementary angles. . 1) 522 


Composition of bearing metals... .. 456 


Composition of bronzes............ 456 
Composition of steel, effect on har- 

Genny: SA ce ee ee 451 
Compound gearing, train for screw 

cutting ote WRC aod Wier icos ac 
Computing tapers, table for... . eeeiee 
Concave and convex cutters, ‘cutter 

for Huting vec te er ee 194 
Concave and convex cutters, number 

Or Ceethh Ish. ees eos tate cto 194 
Constants for cutting time, table 

OE Rn = ico ls eee mete eer a mate 205 
Contact of belts, factors for........ 423 
Conversion factors, English and 

TELE BIA yas fetid tad fo RiP en Oe ales 476 


Conversion table, English and metric A475 
Cooling hot bearings . 405 
Goolng steels aise te eee 445 
Copper bars, weight er linear foot 417 
Copper plates, weights of.....-. 412-413 
Copper, properties of ee LASO 
Copper tubing, weight of . .+. 419 
Copper wire, weight of......... “44-415 
Corner rounding cutters, cutters for 
AEE ste asics Me teenies 
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Corner rounding cutters, number of Cutting-off cold-saw machine lubri- 
tecthiin.). 3. so sscs cag ecelns ae CANE. ies sues ofthe date WS oie i= a a 203 
Corner, square, laying out. . . Cutting-off machine,  cutting-off 
Cortindtms: Scnshntes dette oe Speeds.7 2 ic. une aetitiec 203-204 
(Go-secant, of angle: Jo sa. ccc on Cyanide of potassium for carboniz- 
Co-secants and secants, table of .562- an <.ts. < aciis » § SN Rite aie teal ar 449 
Co-sine of angle... 5. cence alge 521 Cycloidal gear teeth, © si, gare a 93 
Co-sines and ines, table of... . 540-551 
Co-tangent of angle............... 521 D 
Co-tangents and tangents, table of 
529-540 | Decagon, properties of............. 525 
‘otters; spring 4 eh cic «aeeremeniniers 309 | Decimal equivalents of fractions of 
Counterbores with insegted pilots... 380 QSL ETCH. yc occ dase ME eae 479 
Counterboring speeds in screw- Decimal equivalents of millimeters 
MACHINE o5/55 55 eh ines Me Beeoaalans 265 and Tractons. 6 wa< ka seen 47 
Countersunk head bolts, round and Decimal equivalents of squares, 
SQQATC sc oe a aire ae eal oe ‘ cubes, roots, etc. of fractions. . 490-401 
Coupling bolts Decimal equivalent tables...... 470-484 
Coupling, national standard hose... 50] Decimals of a foot, equivalent in 
Co-versed sine of angle............ 521 INCHES? . ctdias Sate ary eon te ea 486-487 


Cranes and hoists, motor require- 
MACMES LOK ae. - cic « vices were «(nian sa 
Cubes, squares and roots of fractions 
1/64 COMIN es nc pee at ee 490-491 
Cubes, squares and roots of numbers, 
X LOMEOOD 15: dieiats wis sani af a bi9 af 492-501 


439 


Curves, finding radius without center 526 
Cutter dimensions for B. & S. screw 
MACHINES uy AMiivis aioe aaleonre mee 
Cutters for box tool, radial......... 
for box tools, sizes of steel 


keyway dimensions . 
milling cutters for fluting 


193-164 
number of teeth in ..... 192-194 
T-slot, dimensions of ...... 200 
various forms,......... 581-587 


Whitney, for Woodruff keys 336 
Cutting diametral pitch worms in 


IBEHE: ssi sot be aint Seer 8 
double threads... .. eA | 
fractional threads I 


lubricants for various ma- 

terials 
multiple threads . 
multiple threads, ‘face- plate 

FOE cine. u's MERE he eae 8 
quadruple threads. 
screw threads... 6... .1..05 I-4 
speeds and feeds for gears 140 
speeds and feeds for screw- 


machine work....... 261-265 
speeds for cold-saw cutting- 
off’ machine) s..3... <ixawis 203 
speeds for screw-machine 
brass stock (00.32) 20s . 261 
- speeds for screw stock..... 261 
speeds of planers.......... 399 
speeds, rotary in turning and 
boring’, 3/9 zone amewae 206 
threads with compound 


Bearing Sects . mole see 2 
threads with simple gearing. 2 
time for boring and turning.. 205 
triple threads 4; uss 1. 9an8 7 


Dedendum of gear teeth........... 
Definitions of machine shop terms 
564-656 
Degrees obtained by opening two- 
foot, rile... > as waaeerehs eee 403 
Depth of keyways, finding total. 338, 339 
Depth to drill and tap for studs.... 308 
Depth of thread, double : 
Diagonal of bars, finding 
Diameters and circumferences of cir- 
GES, 5 tO S00, . Le abt Seat aoe 
Diameters of B. & S. circular form- 
ing tools, tables...256-259 
circular forming tools 
250-252 
circular forming tools 
FNAME. ccnp eesa aeeee 
five pitch screw-threads, 
measuring 
shell blanks........ pe 
shell blanks, tables of 
268-269 
iametral nite Scan scence se eae 
Diametral pitch worms, ned Se 8 
Diamond lap for small drills. . a 
Diamond laps............. 
Diamond lap tools 
Diamond powder 
Diamond powder, settling in oils. . 
Diamond powder, tools for charging . 
Diamond powder, used in boxwood 
Diamonds, setting....... 
Diamonds, using on wheels. . 
Dictionary of machine shop terms 
564-656 
Die clearance, punch and.......... 
Die for Briggs standard pipe.... . 
Dies and taps, screw machine. ..... 
Dies, drop-forging, draft in......... 
Dies, punch press, various types of 
588-508 
Dies, spring, sizes of screw machine. . 248 
Differential indexing on milling ma- 
chines, tables for............. 168-171 
Dividing head, gearing for plain and 
differential indexing ener 108-171 


5t4 


255 
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Dividing head, milling cams by set- Equivalents of inches in decimals of 
Hine sss Weeds ee a A TOOLMER sere Meco scenes 486-487 
Dodecagon, properties of . Equivalent of inches in millimeters 
Double threads, cutting. : 477-478 
Double depth of threads. . Equivalent tables, decimal... ... 476-488 
Dovetail forming tools... Erecting perpendiculars by triangles. 387 
Dovetails and tapers..........- Estimating lumber in patterns 403 


Dovetail slides and_ gibs, 
SIONING: 2.1. o eee Pa 364, 365 
Dovetails, measuring external and 
internal 34 /2NOu Raa Ene ARIS. 
Dovetails, measuring with plugs in 
angles oes. cr vein eRe rae 366, 367 
Dowel pins, drills for... . 
Dowel pins, reamers for........... 
Drawing room and shop standards 
ee 369-404 

Drill and wire sizes arranged consec- 
ttively. os .c.s . .408-409 
Drill bushings 369, 370 
Drill bushings, for jigs, fixed... 369, 370 

Drill bushings, for jigs, loose. ...... 
Drill end lengths... .0).0.0.. au 
Drilling for studs, depth of.. 
Drilling cast iron, torque required i in 54 
Drilling machine, radial, diagram 
ANG parts: ofa ries ace. Sake e., 
Drilling machines, various types, 
power required by.......... 437, 438 
Drilling machine, vertical, diagram 
And Parts Of. 25 sae oh ea lele see 
Drilling speeds and feeds in screw 
miachimes 1-202 asi) See 264 

Drill jig screws, binding........... 

collar-head........ 

Fy headless 

locking... . 
nurled-head. . 
square-head 
supporting. ....... 
winged. . 
Drill jies,-straps tor. <5... ees. 


601 


602 


Drills for Briggs pipe reamers...... 45 
dowelipins Shit Ayo. 64 
drive: hts foe, men CIEE 64 
Tuoning Rts; -oecain' te se 64 
tapseaunt iy Stet aes 62-66 
Drill sizes‘for pipe 2957.0. 2,0 ey. 45 
Drills, see twist drills. ... 51-06 
Drill sizes for taper pins........... 358 
IDralis twister oo) secnd Pane vee 51-66 


Drills, various types of......... 5909-600 
Driving of machines, group. .... ee, 
Driving machines, power required 


LOPES AW si ais soe sea sw eels ee 442-443 
Drop forging and steam hammers 

: 460-463 

Drop-forging dies, draft in......... 461 


Electrical power..............+-- 
Emery 
End mills, taper shank 145 
English and metric conversion table. 475 
English weights and measures. . . 470-471 
Equivalents, decimal, squares, cubes, 
roots, etc., of fractions.......- 490-491 


EWesDOMSE an Ueeanlea wae, 


Eye-bolts, safe loads for........ ee 469 
F 

Face-plate, multiple thread cutting. - 8 

| Fahrenheit and centigrade scales.... 455 

Fastenings, belt... ... ppb oF piece 426 

Feather keys, square, sizes......... 334 


Becdstowwdrillss: cate, a ne ee 53-54 
Feet, board, in pieces up to 24 ft. 
long, 1 to 24 in. wide, table..... 
Files. . 
Files, die sinkers or riffles 


efhierenty: of caches 82 
measurement of............. 78 
sizes and shapes............ 80-81 
Pest Oftraernetes ets) 
Filing, height of work for.......... 78 


Fillets, weight, area and volume of. 404 


Fillister head cap screws........... 285 
Fillister head cap screws, flat, round 
andfowali:. Suse iets to eee vie eae 286 
Fillister head machine screws, Amer. 
SckewiCos sie See. vitae aera 289 
Fillister head machine screws, A. S. 
ME -B:sovall:’.).! eae e ee 296 
Fine pitch screw thread diameters, 
WNEASUIING, «<2 -.2/es sae See 36 


Finishing box tool for screw machine 245 
Finishing box tool for cutting speeds 


andiiceds ence et satin. cee 262 
Fits, allowances for all classes, metric 325 
Fits, allowances over standard for, 

driving, force, keying or push 323 
Fits, clearances for running dey, Bee 323 

for groundwork, various classes 324 
327 


for wheel hubs, press......... 
limits for drive a 


for hand. . 
for press... . Fie 
for running........ 321, 323 
in shop gages for .. 322, 323 
parallel; close.:/......... 319, 320 
drive... 
hand .. 
press. .. 
TUNGIOR edt a.) 319, 321 
press and running......... 319-331 
» running, for power transmission 
Machinervs seek ey eee ae 327 
running, side play in calipering 
LOL Ee tale Steere en 328, 330 
Fixed biskings for drill jigs. 369, 37° 
Flat and oval countersunk head cap 
BGEEWS 2 7s hin acta ter oe aetna 287 
Flat bar steel, weight of........... 418 
Flat fillister ‘head. machine screws, 
GAs Sc Mi i coe eR ee iat 207 


Flat head machine screws, A.S.M.E. 208 
Flat on thread tools, grinding lat as 13 
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PAGE 
Fluting cutters for hobs........... 296) Gearing o.i5 i63c3 cadet mies ne 
for milling cutters chordal....... 
193-104 circular pitch 
for reamers......... 197 compound for screw cutting 2 
for taps..... ere CL constants for chordal pitch 97 

Fluxes, see soldering............. 86-92 corresponding Ganetiol and 

Foot, decimal parts of in inch equiva- circular pitches .......... 
Vents 5 toe tea y ee 486-487 diametral pitch........ - O5 

Forged and hot pressed nuts, mirs. face of worm.......... eeLsy 
BCANGALG veins ccow uate pean 301 finding pitch diameter..... 138 

Roreingdrop). cs acts ceeee es 461-463 for cutting siameeal pitch 

Forming tool, circular for conical worms . 

Pointss bageleactes 254 eee bitch. 
circilar;” screw, masse]. — module.'s 2), Goshenans os 
CHINE. nc) viene aos 251 sim for screw cutting. 2 
diameters and depths 250 simp le curve tooth......... 
finding.... 255 spiral, real pitches of. 
dovetail, screw-ma- spiral, rules for 
OOING.. olen ce apie 251 spiral, table of. 

Forming tools, diameters of circular spur gear cutters for spiral 136 
for B. & §S. screw machines, standard tooth. .......... 107 
ey) Ce OONERT i poner 256-259 stub. toothics. 1) seems ch 107 

Forming tools, circular, diameters stub tooth dimensions, Fel- 

Ole ekont tae 251, 252 OWS: difealy ike kite ert Ware 
cutting clearances of. 251 WORD srevresrt sii ort hay 
depthsiof... ..ce)0 5 253 worm, proportions of. . 
screw machine. .. 251-259 | Gear pressure angles . ARS ; 


speeds and feeds .... 263 
Formulas for horse-power require- 
ments for machines............. 43 
Fractions, decimal equivalent tables 
470-484 


Fractions, prime-number, table we . 485 


French (metric) standard screw 
threads; table of... 2. <i us oelesieg 20 
Furnaces for steel treatment, gas. 445 


Furnaces for steel treatment, liquid 444 
Busible metals... 3:5 f. aa nasmnae’ 450 


G 


Gage, accurate faper,....csisevas 341 
Gage for laying out angles accurately 368 
Gage for machine ‘ope wood screws 3IT 
Gage, taper, applications of ......... 342 
Gage, taper, applications of formulas 

SOF OSWIE. 5h 5. 5, Raters ric 343-345 


Gage, taper, formulas for using... . . 343 
Gages, for Briggs standard pipe. . 46 
for pipe, Briggs standard. . 49 
plug, standard dimensions... 379 


ring, standard dimensions . 

shop, limits in for various 
kinds of fits 322, 323 

sizes of wire... 406-419 


SEUBS WIE s nsitinae: Las coins 406 
twist drill and steel wire.. 406 
various types of......... 606-607 

wire and drill, sizes arranged 
consecutively. ........ 408-409 

wire, different standards used 
DUG ian She ents ee 407 
Gas engine horsepower . .. 420 
Gas, casehardening with ........... 448 
blanks, laying QUE wes. seeder. 103 
Rizen Of odessa ook 109 
tables of .....,.... Roaches 


Gear cutters, power required by. . 


Gears and pulleys, speeds ae 
Gears, bevel.i....... vceso0 


block indexing for 


block indexing, table for... . . 116 
cutters for involute . x 1I5 
for screw cutting .. . 3 
miter, table of..... 123 


pitch diameters of ....... IUI-114 


speeds and feeds for cutting.. 140 
spiral, figuring. ......... 128-130 
spiral, 45-dee., laying out.... 127 
spiral, table of. oe “134- 135 
SDLOCKEE: </o -guleae iin are 
spur, cutters for...... .. 136 
various types of. . 607-608 
with'cast teeth. <6... ahs... 102 
Greasy teeth <a cacekle nae fn OF 
Gear teeth, actual sizes of......... 105 
Gear teeth angles, face and cutting. . 122 


Gear tooth parts, proportions. . . .98-1or 


German threads, Loewenherz....... 22 
German Enver ics sess oo seenaEcs 457 
Gold, properties of.............+-+ 458 
Graduations on micrometer........ 318 


Graduations on ten-thousandth mi- 
exarieter,,.- uae set copaamiles s 6 
Graduations on vernier 
Grinders, various types, power re- 
quired b: 
Grinding allowances............... 
for lathe work . 

for various 

classes of fits. 324 

table of....... 

Grinding and lapping. .....-... 208-244 
Grinding flats on thread tools 
Grinding flats in U. S. form of thread 
tool 14, 15 


grades for different 


kinds of work... 223 
grading...... 211, 222 
grain and grade... 209 
grit and bond..... 208 
ald one ae 212 
mounting....... 220 
pressure and wear.. 215 
shapes of...... 224-225 
sharpening.....-. 214 
silicate... . isvarr 
speed of..... oats 3 
speeds, table ..... 220 
spindle sizes for... 227 
thickness of .....-- 209 
WILTIBEM |. nas 


Group driving of machines .. 
Gun metal 


x H 

Hammers, hand, various types of 612 
power required by......- 438 

steam, and drop forging 
460-403 
capacities. :...... 460 
Hand fits, limits for....... . 320, 323 
Handles, ball......--.--.-+--+--++- 375 
ball lever...... - 376 
ball, single-end. 376 
binder: 52... 375 
for hand-wheels. . 374 
machine. «i. /..05 377 
Hand taps./:i..d.0+.=-- 71 
Hand-wheel handles.... - 374 
Hand wheels, dimensions . 373 
Hardened work, grinding. Lee 2T6 
Hardness test, Brinell. .... 452, 453 
Hardness test, scleroscope......-.. 454 

Hardening screw machine spring col- 
lets and feed chucks........-.-- 260 
Hardening steel. ......-..- »» 444-447 
Harveyizing process for steel....... 448 
Headless jig screws....-..--- Soiree 
Heads, key, proportions of...... 337 
Heads of bolt, stock required for.... 401 
Heart-shaped cams, milling........ 152 
Heat treatment of steel.......-.. 444-447 
Heating steel in liquids...........- 444 
Heating steel, methods of.......... 444 
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- Grinding hardened work..........- 216 | Heptagon, properties of........... 525 
machine, diagram and parts Hexagon cap screws...... 284 
OF ero RRO as Artes 610 | Hexagon, properties of........ 528 
reamers and cutters ...237-239 | Hexagon, stock, brass weight of 417 
use of water in .........- 218 | Hexagon, steel weight of ee (40) 
wheel contact......... 214-215 | High-speed steels.............--.. 447 
circumferences, table 221 | Hight of work for filing ........... 78 
wheels and grinding. ..... 208 | Hobs for worm threads 
Gare Of oN e 2 vee 228 | Hobs, worm wheel...........- 
combination grit .. 212 | Hob taps.................. 
cup, clearance table cutter for fluting... 
LOT ee ces 240 number of flutes in. 1906 
disk, clearance table Sellers’. s.c.2 cea 70 
For eee 240 Sellers, cutter for fluting . . 196 
dressing with dia- Holes in circles, tables for spacing 
monds . 390-391 
elastic ain. ae. ee Hollow mill dimensions, screw ma- 


(oth eRe sata ee SEEING OR OF 247 
Hollow mills for screw machines . 246-247 


Ook) Dele Aes yon etiam teres 426 
Ook /Dolisteca ats an see ao ee 378 
Horse-power, belts and shafting . 420-443 
définition... 2... ..- 420 
for machines ...... 442, 443 
of stecl shafting .....°. 430 
rating, A.L.A.M.... 425 


requirements of 
chine tools .. 
steam engine .. 


Hose coupling, national standard... 50 
Hot bearings, cooling..........---- O5 
Hot pressed and cold punched nuts, 

WiSestandard 3, 34 see ey 300 
Hot pressed and forged nuts, mfrs. 

Stannard es itejers oc scicie sa eae tage 301 
Hot pressed nuts, hexagon, mifrs. 

Standards toaenith sre goes. Rola ane 301 
Hot pressed nuts, narrow gage ..... 303 
Hubs, press fits for wheel........-. 327 
Hydraulic presses, power required 

Yc daesteiran)s os oe hat eels 438 

I 

Imperial wire gage sizes..........- 407 
Inclination of calipers in measuring 

for shrink or press fits........... 320 
Indexing milling machines, plain and 

Gifferentialee re re teres ce ieter. 168-171 


Indexing tables for plain and differen- 
falinnllingeeetn ses tes 172-189 
Inserted tooth cutters, number of 


Teetirsti ee wee cise petri ie rinse 192 
Integral right-angled triangles...... 387 
International standard screw threads 21 
Involute gear tooth...........-.+. 93 
Iridium, properties of... .......... 458 


Iron bars, weight per linear foot 416 


Iron, cast, properties of... . 458 

Iron plates, weights of. 411-413 

Iron wire, weight of........ «414-415 

Tron, wrought, properties of........ 458 
J 

Jam nuts, cold punched, hexagon... 300 


Jarno tapers 
Jig bushings, fixed 
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Jig parts, standard...........-. 
screws, binding... 
headless 


locking ....... 
nurled-head 372 
square-head 371 
supporting 371 
WIZE) Aaa ee etnie eed os 370 
Jigs, laying out by trigonometry.... 523 
Wise SETADS: a cis Serene ween eae a areta ols 372 
Jomnts, Briggs pipe... okele.. ee =. 46 
K 

Key heads, proportions............ 337 

Keys, amount of taper for various 
Neripthic’. Pod oic oy amin tata eee 340 
and cutters, Whitney ..... woe are 
and key-seats, dimensions . 332 


Barth uo eae ae see oe alee 


machine, various types of 
SURIGHE seh cea taee 
tapers for... 
WOOC EE nt ales lethee hc aver 


Key system, Pratt & Whitney...... 335 
Keyway depth, total, finding... . 338, 339 
Knobs, dimensions. «i.e. eevee ae 374 
Knots, various types..........- 464-408 


Tacing Belts... ais aisictelalen| wlacgete 
Lag and coach screws 


Lag screws, length of thread on.... . 312 
Lag Serew Lesh.) Sve vee antlay sclrs ee 312 
BAD DUNB iat ome 231-236 
Lapping MAE Siirfases . Sn ehe noe 231 
apping lubricants................ 332 
Lapping plate for flat work........ 231 
Lapping, pointers on ... eaiky S23 
Laps, abrasives for .... gee Boe 
adjustable ........ 233 
diamond.... 235 

for holes 232 

for various kinds of work. 234 


PS oR oe Ae ad Nae 

lead, advantages of 
Lathe, engine, diagram and parts of 

616-617-618 

Lathes, axle, power required by..... 436 

Lathes, cylinder, power required by 436 


Lathes engine, power required by... 436 
Lathes, wheel, power required BY a 436 
Lathe tools, various forms of. . 650-051 
athe tool Cents cat mic yce dehy atgae ee 206 
Laying out angles accurately, tool 

ROT = sesceeiy as She Ae eee eok eee 368 


Laying out angles by table of chords 337 
Laying out a square corner........ 405 
Laying out holes in circles, tables for 


Lead bath for steel. . 
Lead, properties of 
Leather belts, driving power of 


. 


INDEX 


PAGE 
Leather, charred, for carbonizing 449 
Length obibolts . jos mes harsh. ss 304 
Lengths of circular ares....... . -. 398 
Lengths of threads cut on bolts 304 
Lengths of threads cut on lag screws 312 
Lever handles, ball... cscs 2. see 376 
Limits for drive fits... - + 320, 323 
fits of all classes, sete. 325 

ground work for various 
classes of fits. ........ 324 
bandits: yes 320, 323 
press fits. . . «== (320,323 
running fits 321, 323 

shop gages for various 
classes of fits .... . 322, 323 
shim ite... cues sce os 322 

Limits in plug gage for standard 
holes: See eee eee 322 
Linear pitch of racks.............. 03 

Linear, square and cubic measure, 
Buglishy.ie t.aeotes Sade oh cae 470 

Linear square and cubic measure, 
metrics; . i. sc dd ageene ss cone ae 474 
Lining bushings for jigs. . 369 
Locking jig screws. ..... 371 
Loom bolts, button head... . . a5 SOs 
Loose bushings for drill jigs........ 369 

Lubricants for cold-saw cutting-off 
machine.......... 203 

cutting various ma- 
dertinls 62a, 207 
Ispping. sce. seek 232 
press tools........ 272 

working copper, brass, 

steel, etc. i 


in the 
punch press ..... 

Lubrication in milling steel... . . 
Lumber in patterns, estimating 


M 
Machine and wood screw gage sizes 311 
bolts, button head... . . «- 304 
bolts, with mfrs. standard 
OAGS ek ease ee 282 
handles... .. 
screw gage 
screw heads, proportions of 
A SMGB Ss tens 296-2909 
Machine screws, A. S. M. E., flat fil- 
terhead ..... 207 
A. S. M. E., flat 
beads Sa susave .& 2098 
A.S.M.E., oval fil- 
or head ...... 206 
A. S. M. E., round 
hot ee ae: 200 
A. S. M. E., special 204 
A. S. M. E., stand- 
BY tee vi ns 292 
A.S.M.E., standard 
proportions . . 2 200 
diagram, A. S. M.E. 291 
fillister head, Amer. 
Screw Co....... 289 
flat and round head, 
Amer. Screw Co. 288 


INDEX 665 

PAGE PAGE 

Machine screw taps.............- 69-70 | Metric threads, measuring. ........ 37 

Machine screw taps, A. S. M. E.... 293 | Metric weights and measures... .474-475 

- Machine screw taps, A. S. M. E. Micrometer graduations ........... 318 
SPECIAL. Fs 45 jo ae oe Osis aa 295 | Micrometer measuring of three- 

Machine shop terms, dictionary of AutedtO0IS diate tee 318 

564-656 | Micrometer readings for U.S. threads 26 

Machine tools, dictionary of.... 565-656 | Micrometer readings for V-threads.. 27 


Machine tools, power required by 


4 2 436-440 
Magnetic chucks. ....... 00055 00s 228 
Magnetic chucks, use of...... wa 220 
Manganese, properties of. . . .. 458 
Manila ropeidata MsAemi a: Hae 425 


Manila rope, power transmission of 425 


Mannheim gold.) 22. fee 457 
Manufacturers’ standard cold 
punched nuts, 720th Wessels 302 


Manufacturers’ standard heads for 
maachine/bOltS 1... can ge euch os 

Manufacturers’ standard hot pressed 
and forged! nuts. Sako: eerie. ae 301 

Manufacturers’ standard hot pressed 


BRATS Gr tain sas ean eric ace ete IS 301 
Manufacturers’ standard narrow 
BARE MMuUts!s Ae eok CU ae. eRe te 303 


Measures and weights, English. .470-471 


Measuring Acme 29-deg. threads.... 38 
Brown & Sharpe worm 
threadsyacr.. yee severe 39 


Brown & Sharpe worm 
threads, table of wires for 39 
dovetails, external and in- 


ternale BEA stirs oe 366 
dovetails with plugs in 
anglesaiee Aven 2 366, 367 


Measuring external screw-thread dia- 
meters with micrometers and wires 29 
Measuring fine pitch screw-thread 


diamieterste ghosts 36 
metric threads ..... 237 
60-deg. V-threads 32 
6o0-deg. V-threads with 
wires, table for........ 33 
Eapers.i see 2 sie 341 
three-fluted tools with 
micrometer. fF... 318 
U. S. standard threads... 30 
V=tools fh. Noemie. ae II 
Whitworth screw threads 34 
Whitworth screw threads 
: with wires, table for... 35 
Melting points of metals,,......... 458 
Melting points of solders.......... or 
Mercury, properties of . . 458 
Metal) bearing 10. ean kish oper. 2 eur.) 
Metal, slitting cutters, pitch of..... 192 
Metals, chemical symbols for....... 458 
Mictals) fisiblessi: Rak kes Alsat 456 
Metals, properties of.............. 458 
Metals, specific gravity of......... 458 


Metals, tensile strength of 
Metals. weight of: nnkiijes.) act. ie. 
Metric allowances for fits of all 
ClaSSeS , 5... cx= arene Ne 


325 
Metric and English conversion table 475 
Metric pipe threads. ........--.... 45 
Metric pitch gears 


Micrometer readings for Whitworth 
threadsis eis «2, tekAs cep leeign ance 

Micrometer, reading the... .. : 

Micrometer, ten-thousandth 


Millimeters, decimal equivalents of 
fs ; . 416-477 
Millimeters, equivalent of inches in 478 
Milling 4nd milling cutters......141-202 

angles for indexing, table 
IQO-I9I 

cams by gearing up dividing 

head *s #242... ccna aeee 


cams, heart-shaped . 

cutters, action of 
fluting for 
keyways for 
number of teeth in 


138-140 

power required for. 144 

BIGGER San aeration 147 

Spiral s/c 143 

spiral shell ....... 146 

Hel Fol eRe am 200 

Milling indexing for cams. . ce ee 

Milling, lubrication for............ 147 
Milling machine indexing, plain and 

ferential ..).+. taka sels Gakasee 168-171 
Milling machine indexing, tables for 

lain and differential. ........ 172-189 

Milling machine speeds and feeds... 141 


Milling machines, power required by 437 
Milling machine, universal, diagram 


ANG Pats: Of /slevaecle steep eisiars ree ead 
Milling machine, table for cutting 

Spirals... see Serie e roe Be = ++ 148-151 
Milling machine, vertical, diagram 

ANG Darts Of tchrae meres hice ace 62 
Milling screw machine cams..... Dee etd 
Milling screw machine cams, tables 

LOFeeg aetna Se one 156-167 


Milling side teeth in milling cutters 202 
Milling squares on round stock..... 200 
Milling speeds and feeds....... j 

Mills, end, number of teeth in 
Mills, hollow for screw machine . 246-247 


Wiiter’gear tablesra = cesses siesta 123 
Module, metric pitch 

Morse tapers, short shank...... 350-351 
Morse tapers, standard......... 348-349 
Motors for cranes and hoists. ...... 439 
Multiple threads, cutting.......... 6 
Multiple threads, face plate for..... 8 


Muntz metal.............+-.+ 
Music wire sizes 


N 
Narrow gage hot pressed nuts...... 303 
Narrow gage washers........ AR aos 310 
National standard hose coupling.... 50 
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Naval bearing metals . 486 |) Pipaidrills, sizes far.) seSo82s5 nee 4 
Nickel, properties of . . 458 pages, Briggs standard........ 4! 
Nonagon, properties of 525 obs, cutters for fluting....... 196 
Nurled-head jig screws 372 hobs, number of flutes... ..... 196 
Nuts and_ bolt-heads, hexagonal, joints in Briggs system........ 40 
Whitworth standard. ........... 303 reamer for Briggs standard.... 46 
Nuts and bolt-heads, stock Soong tap for Briggs standard. ...... 40 
for Inirs. Standard << ase se eee taps) Bitiges: 522, ae cab 73 
Nuts, éntpiobile, A. L. A. M. wesboache taps, taper and straight, cutter 
Sc atte an Ce tae 3 or fluting........2>-+. +n 196 
bolts and screws......... 279-315 thread gages, Briggs standard... 49 
castellated, for A. L. A. M. threading speeds. ............ 68 
standard bolts ............ 306 threads, Briggs standard. ..... 42 


check and jam, cold punched. 300 
cold punched, mfrs. standard. 302 
hot pressed and cold punched, 

U. S. standard 
hot pressed and forged, mfrs. 


standard os ee 2) Ser 301 

hot-pressed, mfrs. standard, 
Nexans; ac cece cee hale S 301 
hot pressed, narrow gage... . . 303 
DIANE. cones ober ese 307 
GOUT lei cate 9 ie Saar Ep 378 
UES SPOUPIL oy arte viareiatae ct oP as 280 
ye Se atl ihe Eee eae ae 377 

oO 

Octagon bar steel, weight of........ 416 
Octagon, properties of............ 528 
Oilstones and their uses........ 241-244 
Oilstones, artificial’ 2.2 uc aete 241 
Oilstones, care of 7 55.5 octet ns 244 


Oilstones, natural, =). vee rees sae 241 
Oilstones, shapes and sizes...... 241-242 
ek countersunk head, cap screw, 


apeiie aa e.0 Fatnie ire cee aie 287 

Oval “sitster head cap screws....... 286 
Oval ie head machine screws, 

ici, tue io, StADCATOL eet. Gee ee 2096 

ie 

Packione. ssc. cnet cee oe ae 457 
Parallel press and running fits 

319, 320, 321 

Patterns, estimating lumber in... .. 403 
Patterns, weight of castings propor- 

HOURS TON. cents see cok cae ate 403 
Penetration of carbon in caseharden- 

pt Ree Ie ee Ree een me, 448 

Penetration tests... 0.0. )..0)s22.5% 449 

Pennsylvania R. R. bearing metal.. 456 

Pentagon, properties of............ 525 
Perpendiculars, erection of, by tri- 

SURES a= at chet ieee ere 387 


Pickling bath for cast iron. ........ 78 
Pilots for counterbores, dimensions of afc 
Pins and reamers, taper........... 357 
Pins, cotter 5 


Pins, Caper... hws cs 357 
Pins, taper, — sizes for. -. 350 
Pins, taper, U. S . ordnance... ..... 359 
Pipe = pipe threads............ 42-50 


s standard, drill sizes for 4 
riggs standard 


a standard, table 


tren ieee 47 
are standard. . 44 
45 
Whitworth eae! drill sizes 
45 
: +. 93 
Planer, diagram and 626-627 
Planer head bolts and nuts........ . 307 
Plgner hitte . on 3c eee ee 307 
Planers, cutting speeds. ........... 399 
Planer tools, various forms of . . .651-052 
Planers, various types, power re- 
quired bys o/. <0 .4s eset acne 436 
Planing mill equipment, power re- 
quired for../..c <0 Seen eae 440 
Planks, board feet in pieces. ....... 402 
Plates, steel, iron, brass and copper, 
weights\obs rd pew stocker. « 412-413 
Platinum, properties of............ 45 
Play of calipers, endwise in measuring 
for press and shrink fits......... 329 


Play of calipers, sidewise in measur- 

ing for running fits.............. 329 
Plug gage limits for standard holes 322 
Plug gages, standard dimensions.... 379 


Polishing wheels, care of...... - 230 
Polishing wheels, speed of... + 230 
Polishing wheels, varieties Ofc cod 220 
tk fone table of regulagie. «.-e0.s 525 
ler, diamond... << aaa. - +95 234 
Power required by machine tools 
430-440 
Power required for milling cutters .. 144 
Power required for planing mill 
equipment ae Pri et ye eee 440 
Power required for punching. ...... 441 
Power fe Cwm to remove metal.... 441 
Pratt & Whitney key system....... . 335 
Press and running fits.......... 319-331 
Press fits for wheel hubs........... 327 
Press fits, inclination of calipers in 
measuritig LOR. . cits agiaieas'« «eis 329 
Press tools, lubricants for punch.... 272 
Pressure angle of gear teeth........ 06 
Prime-number fractions, table of.... 483 
Properties of metals.............,. 455 
Proportions of machine screw heads, 
A. . E. standa ; 


Protractor i in screw cutting. 
Pulley, finding size of. ...... 
Pulleys and gears, speeds of... . “430, 431 
Punch and die, allowances for accu- 
rate work 
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Punches and shears, power required Rose chucking reamer...........-. 198 


EM Arirdaae ae re NOM EM arc ante err asa 439 


‘Sg and die boiler work, clearance 
Ors Fig ahwheerh PME ee ere 


271 


MOEAIS whos ct prac eee atte 
Punching, power required for 
Punch press dies, various types of 

588-598 
Punch press shells, finding diameters 

OLA cert APR weer es 266-267 
Punch press shells, tables of diame- 

[2S BCR RRO .c.3 &. SNCS 268-269 
266-272 


Punch press tools 


Pyrometers, using for testing steel.. 452 
Q 
Quadruple thread cutting.......... a 
Quenching steel, temperatures for... 452 
R 
Radial and thrust bearings, com- 
BINEM sy piri an eae resistin ts 384, 385 
Peddial bearings 23) o..s 0 ve heen 381 
Radial bearings, self-aligning....... 386 


Radial drill, diagram and parts of 601 
Radius, finding without center 526 
Rawhide, lubricants for 4 
Reading the micrometer........... 317 
Reading the ten-thousandth micro- 

ROLE fatale ee clamiebl wells bicimcs Mie O 
Reading the vernier............... 
Readings of screw thread micrometer 


FOL U.S. threaday sewer ie 26 
Readings of screw thread micrometer 
for V-threads; 22 igo. (Seid hee 27 
Readings of screw thread micrometer 
for Whitworth threads.......... 28 
Reamer and cutter grinding..... 237-239 
Reamer clearance, grinding. . . .. 237-239 
Reamer for Briggs pipe............ 46 
Reamer, number of flutes 107 
Reamer, shell, cutters for fluting.... 197 
Reamer, taper, number of flutes.... 198 
Reamers, fluting cutters for 197-198 
Reamers for dowel pins........... 64 
Reamers, taper. ....2 f Gels cla tk ali 357 
Reamers, various types of.... . 630-632 
Reaming speeds and feeds in screw 
MACHINE > ays cc ieave sd At 264-265 
Reciprocals of numbers, 1 to 1000 
515-520 
BNCPOIEADEIS Ao <7. crew. soainicteti v aNerae 354 
Ring gages, standard dimensions ... 379 
Beiveted Washers. ...0cg)00 sees 31 
Rivet heads, boiler. . 314 
Rivet heads, tank............. as BEA: 
Rivets, round head, length of...... 315 
Rolled steel, properties of ; oan 
Rolled threads . 6. 2.0.05). .:0.. Seeded vis 23 
Rolled thread screws, dimensions of 
RUSS. blanks. sce cumans 23 
Rope, data of Manila ~ 425 


Rope, Manila, power transmission of 425 
Ropes and chains, safe loads for. ... 469 


Rotary cutting speeds in turning and 
boring. Zo aN ae ai heson Grete mnie 


Round fillister head cap screws..... 286 
Round head machine screws, A. S 

5. [esl ORE yo eee ee ee te 200 
Round head rivets, length of....... 315 


Rule, -two-foot, angle obtained by 

Opening <hiwkanni heey io eae 
Running and press fits..... 
Running fits, clearances of 
Running fits for power transmission 


MAGHINETY <8 s Siti ois eee 327 
Running fits, side play of calipers for 
328, 330 
iS) 
Sags of steel aligning wire for shafting 
428, 429 
Saws, cold, power required by...... Age 
Scales, fahrenheit and centigrade... .455 
Scleroscope hardness test.......... 454 
Screw, A. S. M E., machine, dia- 
STATINS sah. hata eter ago 291 
Screw cutting, arrangement of gears 2 
examples in I 
gears for. . . 3 
multiple... 6 
rules for + Sls 
Screw gage, machine and wood..... 3IL 
Screw heads, proportions of A. S. M. 
Hey MMA CHING sa) ok ches sie alan 296-2909 
Screw machine, allowance for thread- 
Rng Fa. arclal eiavstits wha Ae eer 249 
Screw machine box tools, finishing . 245 
box tools, roughing.. 245 
cams, tables for mill- 
Mgisi seems y 156-167 
counterboring speeds 265 
CUSGErSE Ae «sa cnr: 245-246 
cutting speeds for 
brass Geils abaaceneses 261 
dies and taps....... 247 
die sizes, spring..... 248 
dimensions of cutters 
TOD core ne 256 
drilling speeds and 
FOCAS och asta oes 264 
feed chucks, harden- 
WR acearh.s <viesdteinss 260 
finish box-tool speeds 
and feeds ......-.. 262 


forming tools, B. & S. 
circular, tables of . 256-259 


forming tools... .251-259 
hollow mills... .. 246-247 
hollow mills, dimen- 
SIONS OF sinh c's 247 
reaming speeds and 
feed$iic Gat < 264, 265 


speeds and feeds for 
different work. . 261-265 
speeds and feeds for 


forming tools ..... 263 
speeds and feeds for 
screw stock ...... 261 
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PA 
Screw Machine spring collets, harden- = 
a Seen 2 


ing, Se 
tapping speeds...... 265 
taps, spr eee 


A meee 249 
pumber of teeth 

in cutters. . 
a sizing work 


Is, tapes 
bars O08 «5 eee 245-265 


195 


634, 635 


Screw, test of lag. ........ 

Screw-thread angles 

Screw-thread diameters, measuring 
external with micrometers and wires 29 


Screw-thread lengths, coach and = 312 
Screw-thread micrometer caliper. . 28 
Serew: threads. ¢20c% thence acess “1-38 
Screw threads, Acme, 29 deg......- 24 
Screw threads, British Accathey 
table: SP ht oeetcaath css verak 2 19 
Screw threads, cutting........... miner 
Screw threads, French (metric) 
standard table of .. :.....-...... 20 
Screw threads, German Loewenherz, 
tablevol Mer ot Sei Penk ore ares 22 
ocee threads, International stand- 
SES 30h hden, sk ww 8 dg Soe MEM 21 


Screw threads, sharp V, table of 17 
sr threads, U. S. standard, table 


INDEX 


P. 
Screws, Machine, A. S. M. E. flat 
head 


A.S.M.E. special. ... 
A. S. M. E. stand- 


al 

A. S. M. E. stand- 
ard proportions. 290-299 
— head, Amer. 


292 


w Co 
ty aad round head, 
Amer. Screw Co.. 
rolled thread, U. S. S., di- 
mensions of blanks ..... . 
set, Hartford Mach. S. Co’s 


standant it~ Secs. die 283 
standard threads per inch, 
Amer. Screw Co......... 290 


taps for A. S. M. E. machine 
taps for A. S. M. E. special 


machines). 0 c4d scan. 2. 205 
verte types of . ..<.5.% 636-039 
main wite4 ya eee Se be 


Geraint tubing, weight of......... 
Secants and co-secants, table of. 562- 363 


Sellers hob, pein for fluting....... 196 
Sellers taners.... . ody aiegekas wee 356 
Sellers hol taal eee Pee 76 
Set screws, Hartford Mach. S. Co’s, 
MEMIAT. 52s: nas Pou on oe 283 
Shafting, aligning by steel wire... 428 


Shafting, horsepower and belts. 420-443 


coe as state een mene eemietee, J 16 | Shafting, horsepower of steel....... 430 
Ee threads, various forms of. .640-641 | Shaper, diagram and parts of .. « Gag 
Screw threads, watth..+...........+ 33 | Shapers, power required by........ 437 
Rese threads, Whitworth, measur- Sheet steel and iron, weights of, U. 

Sei pe ck POR ee oe 34| _S. standard gage......-..0--.s0- 4 
Screw threads, Whitworth, measur- Shell blank diameters, tables of. "268-269 
ing with wires, table for......... Shell blanks, finding diameter of 
Screw threads, Whitworth standard, 266-267 
table ol... eet pat Nite. cs ore: 18 | Shop and drawing room standards 
Screws, automobile, A. L. A. M 369-404 
Standatd or the 5.2 wie cen 306 | Short shank tapers, Morse...... 350-351 
bolts and nuts.......... 279-315 | Shot metal. . 65.0 2.4 Geeeaneehis 457 
button-head cap........... 287 | Shrinkage of castings.............. 458 
cap, flat and oval counter- Shrink fit allowances.............. 322 
Sunk head! "0. .s5--+s- 287 | Shrink fits, inclination of calipers in 
cap, Pmt and square meéusuring for 2: Sis... .s60ss unex 329 
Ge SES wie erseo he 284 | Side milling cutters... i501 eee 147 
coach ioe GWE Sasa ns 312 | Side play of calipers in boring holes 330 
COllAK HERG: Se ertis a scine eo 285 | Side play of calipers in measuring for 
fillister head cap........... 285 Rianne hte. soe ee 328, 330 
fillister head cap, flat, round Sides, angles and sines, tables of. phd 
Bu Val tse scone ste 286 | Silver, properties of........-.-.... 45 
jie, binding’ cea. aco oe ese 371 | Sines and co-sines, table of... ... 540-551 
collar-headi............ 370 | Sines, sides and angles, tables of 392-397 
pT Ey GC Seer ee 371 | Single-end ball handles. ........... 376 
lockinge ¢ 63.5 02 codee 371 | Sizing work for screw i 
nurled-head........... 372 Stireaie. 52 nus can cae ook b oe 248 
square-head........... 371 eee and id gibs, table for dimension- : 
supporting............ B70 | bie. Sy chin ste» cs oo ee 364, 3 
IPAIIISOUL IS orci0, cos aia eee ae 370° Sli ngs ior handling work........ 64-268 
machine, A. S. M. E. flat Oo Le Cee 86-92 
fillister head............ 297 | Soldering aluminum............,.. 92 
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’ Soldering, cast iron............... 89 | Square-head cap screws............ 284 

Soldering, cleaning and _ holding Square-head jig screws. Be yh) 

VOLK d vateihaaiatemre a ae aS eee os 89 | Square, properties of.............. 528 
Soldering; colds..eilnmremtaes estan os go | Squares, cubes and roots of numbers, 


Soldering fluxes for various metals 


© Soldering, fiux recipes. .......+.... 
- Solders and fusible alloys 
_ Solders, melting points of 7 
4 Spacing Dole circles interne 523 
_ Spacing holes in circles, table for. 390-391 
Specific gravity of metals.......... 458 
POC UNIS fn cps, <x ov acts era ee erat ele 457 
Speed of polishing and buffing wheels 230 
Speed of twist drills............... 53 
Speed of wood turning. . . 405 
Speeds and feeds for brass in screw 
MACHINES! s 2 x51, deecsievalats 201 
Speeds and feeds for drills in screw 


TAMMIE) sche MM Has 204 
Speeds and feeds for forming tool, 

pcrew machine ir haya Wie 203 
Speeds and feeds for gear cutting... 140 
Speeds and feeds for milling ma- 

CONTRA ene See ERP Ee Wee eds 141 


Speeds and feeds for reaming in screw 


PAPACHTING vases s/t ne hyehsval wsaiaiwye an tah 204-205 
Speeds and feeds for screw-machine 
Pur Pty <:& Sa RE acts eT ae 264 


Speeds and feeds for screw-machine 
Bnishi bOxstoolsis F cenies os ans Se 
Speeds and feeds for screw-machine 
RYORK. oS aa nc ose ee 261-205 
Speeds and feeds for screw stock, 
table of 
Speeds, circumferential, tables of . 431-437 
Speeds of cold-saw cutting-off ma- 


CHIMES 154 isc nsieanee eee = Meee 203 
Speeds for counterboring in screw 

RACKING? S12. ase kath hele soe 265 
Speeds for tapping and threading... 638 
Speeds for threading in screw ma- 

SHINE s ac Zahde ears Mere MAG bin 3 265 
Bpeeds, Of belts: Libis eee se ta 424 
Speeds of grinding wheels, table.... 220 
Speeds of planers, cutting.......... 309 


Speeds of pulleys and gears.... 430, 431 
Speeds of tapping in screw machines 265 
Speeds, rotary cutting in turning and 

DORMIRY Sy cotta ire teat Re Men ele 
Spindles for grinding wheels, sizes... 
Spiral gears 
Spiral gears, spur gear cutte we t30: 
Spiral gears, table of real pitches 132-133 
Spiral shell cutters......5....-.... 146 

Spirals, table for cutting on milling 


maichitie -% piven Ae, 148-150 
Spline fittings, automobile, broaches 

HOES es ols nie Sah lat 277-278 
DINE COLEEKS « siarsytiee nisl slate ei se. 309 
Spring die sizes, screw machine.... 248 
Spring dies, sizes of..............- 248 
Sprocket wheels: Waid a Wanuele ie 118-119 
Spur gears, laying out blanks....... 103 


Square bar stock, weight of..... 
Square corner, laying out.......... 
Square countersunk head bolts 


MLO LOOO . i areata a oiitrn stale 492-501 
Squares, largest milled on round 
stock 


Squares of numbers, tables of . "438-480 
Square thread taps. vcsvcsircede. san 17 
Square washers, standard sizes..... 310 
Standard jig parts.............3 369-372 


Standard Tool Co’s short taper, 


Standard) nick sad caida ae aoe 353 
Standard Tool Co’s taper shanks, 

Standard siete ed cn has sae 352 

Stationary bushings for jigs. 369, 370 

Steam engine horse-power......... 420 
Steam hammers and drop forging 

460-463 

Steam hammers, capacities......... 400 


Steel and iron, sheet, U. S. standard 
gage weights saree 
Steel and other metals. 
annealing 
bars, weight per linear foot. . 
carbonizing, rate of penetration 
y 448, 449, 450 
casehardening 2.4 sds. os 
cast, properties of 
composition and hardening 
etfectsi25 -tes)eitaes ae bie 
flat sizes, weight of ... 
hardness test, Brinell 
hardness test, scleroscope.... . 
HaEveyizing sows boaieae. oor 
heat treatment of . 
high-speed 
plates, weights of.........4 a 12-413 
properties when annealed 
properties when hardened .. .. 
rolled, properties of 
shafting, horse-power of. . 


PED PENIOR a), cpa ta clive sey 
wire and twist-drill gage sizes 
y 400-408 
RARE SIZES an od nb laine eis 400 
Stubs’ sizes and weights. 410 
weights of ...:......- 44-415 
Stock allowed for upsets.........-- 399 
Stock flat sizes, steel, weight of..... 418 


Stock sheet brass, copper, steel and 
wire, weight of AILI-415 

Stock required for bolt-heads and 
nuts, mfrs. standard...........- 4 

Stock ‘required for bolt-heads and 


900 


nuts, U. S. standard. . - 401 
Stock weights and wire gages . .400-419 
Stove bolt diameters and threads... 305 


Stove bolt:tapsisiit avctaustssisr.teeh. 
Straight keys, dimensions ‘2 
SEAS LE ca cans totereta ere 
Stubs’ gages, wire. 
Stubs’ steel wire sizes and weights. . 

Stik tooth pears is ayy ous sacar 


107 
Studs, depths to drill and tap for 308 
Supporting jig screws...........-. 
Symbols, chemical of metals....... 
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Tangents and co-tangents, table of taper didi v hoi dcrgaes 3. alae 7! 
5397-549 FADER ook oad cata nia wig alee 7: 
Tank rivet heads) ic.) ween cee eeok 3t4 tapper cutters for, number of 
TEED BOS <3. ss. ren tee See 305 feeth ies screen itnawea ne 195 
drills for A. L. A. M. threads . 62 tapper, futing cutters as 19: 
for double depth uhkeacs 65 various types of... .. | 643 
for machine screw taps... 63 | Tempering steel....... 


for pipe taps...........- 45 

for regular threads. 62 

for V-thread taps es,” 66 

threads, Acme 29 deg......... 25 

for Briggs standard pipe....... 40 
lengths and lands, screw ma- 

GING 2.0os0 oe arse ae 249 
screw machine, lengths and 

landsiof <0 sr eirub eee 249 

Taper gage, applications of . , 342 

BCCULELCG ieiw oe a pisiets eels 341 
applications of formulas 

OF USING wn. vas ys 343-345 

formulas for using ..... 343 

pin-drill sizesss 30% M108, 27s 358 

pins and reamers.........-. 357 

pins, U. S. ordnance......... 359 

Teamers, number of flutes.... 198 


shanks, Standard Tool Co’s 
standard 


Jarno 
per foot and corresponding 


angles table of .......... 361 
Morse standard. ........ 348-349 
Reed 2, acsntta an seer ae 354 
Gellgrs \.¢ cate atane sy anes ts 356 
short shank, Morse. ..... 350-351 

short, Standard Tools Co’s 
Standard 4465/3 aces 353 
table for computing...... +362-304 
table of lengths up to rae . 360 
Tappers, nut, power required by.... 433 
TApPer tapSacvei ors sales sent cide 72 
Tapping for studs, depth of........ 308 
Tapping speeds...) sae. dense shone 68 


Tapping speeds in screw machine 265 
Taps and dies for screw machine cut- 
ters for fluting...............195-196 
Taps, Briggs pipeusk owes aeons 73 
for A. S. M. E. special screws 295 
for machine screws, A. S. M. E. 


Standard Fe kent ub neGnes 293 
and Sas ee ee warts 71 
hand, cutters for fluting...... 195 
hand cutters, number of teeth 

OS SAL FORA ee See 195 
hob, cutters for fluting....... 196 
hob, number of flutes. ....... 196 
machine screw.........5-++ 69-70 
screw machine, fluting cutters 

for Had ee Rut. Sadek 105 
screw machine, number of 

teeth in cutters .......... 195 
Sellers hob... FGean uh ts 76 
square thread...........-2-5 17 


Terms, machine shop, di 


Test: for lag Sctews «61 ceeuerascias 
Thermometers, Fahr. and Cent..... 455 
Thread angle table,......... 6.250 453 
Thread cutting, arrangement of 
A  o 3 
depth table......... 65 
fractional igen 
WOUILIPNS i spews sieeve 6 
multiple, face plate 
ROR sa alain by nantes 8 
rules for . 3 
Thread lengths on coach ‘and. lag 
ATC Weai i Wake SeAcs. hats wpe 312 
Thread micrometer readings for U. 
SPR SGA ums trrwieleatey ia vias cates 26 
Thread micrometer readings for 
Wat ireadd Sais a sitters Gace meieiee 27 
Thread micrometer readings for 
Whitworth threads.............. 28 
Thread: tool, grinding flat on U. S. 
OPED isis eds geass oe ae 14, 15 
Thread tools, grinding flat on...... 13 
Thread tools, measuring,.......... 12 
Threading in screw machine, sizing 
MONK: LON cic, Sane aaleraar On diene 248 
Threading machines, pipe, power re- 
Quited | By. sve ctans anal hoi dae ee 438 
Threading speeds. 5 s5:.«nenieys «reall 68 
Threading speeds in screw machine 265 
Threads, Acme 29-deg. screw and 
tap, wires for measuring. 338 
angle of screw............ 4 
ace pipe, table of ...... 47 
British ssociation screw, 
table Ob siscs uurmag wo trace 19 
Brown & Sharpe 2g-deg. 
worm, table of ......... 39 
Brown & Sharpe worm and 
Acme compared ........ 10 
Brown & Sharpe worm, 
measuring.......... ; 
cutting screw 1 
fine pitch screw, measuring 
diameters : <0 dclt-s:c sicsteu 36 
French (metric) standard 


screw, table: of vo... 5% +0) 20 
bee? ay Loewenherz, table 
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